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OFFICERS 

OK    TIIK 

AMERICAN   SOCIETY    OE   MECHANICAL 

ENGINEERS, 

1898-1899, 

FOK.AIIX(i    THE   STATUTORY   COUNCIL. 


PRESIDENT. 
George  W.  Melville Washington,  D.  C. 

VICE-PRESID  ENTS. 

Chas.  M.  Jarvis Berlin,  Conn. 

John  C.  Kafer New  York  City. 

Walter  S.  Russel Detroit,  Mich. 

Terms  expire  at  Annual  Meeting  of  1899. 

E.  D.  Meier St.  Louis,  Mo. 

George  H.  Stetson New  Bedford,  Mass. 

B.  H.  Warren Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1900. 

MANAGERS. 

H.  S.  Haines New  York  City. 

Gus.  C.  Henning New  York  City. 

A.  Wells  Robjnson So.  Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1899. 

Geo.  Richmond New  York  City. 

Jas.  B.  Stanwood Cincinnati,  Ohio. 

Henry  H.  Sdplee New  York  City. 

Terms  expire  at  Annual  Meeting  of  1900. 

Edgar  C.  Felton Harrisburgh,  Pa. 

A.  M.  GOODALE ! , Waltham.  Mass. 

R.  H.  SouLE Chicago,  111. 

Terms  expire  at  Annual  Meeting  of  1901. 

TREASURER. 
Wm.  H.  Wiley No.  58  East  10th  St.,  New  York  City. 

SECRETARY. 
Pbof.  F.  R.  Button No.  12  West  31.st  St.,  New  York  City. 


\  O  T  !•: . 

Thf,  considrrnble  bulk  of  tho  nnmiiil  volume  of  Transactions  has  induced  the 
Puhlicntioii  Committer  to  direct  the  insiM-tion  of  a  Humniary  of  the  SocH;ty  mem- 
l)(  r.sliip  ill  j)lu(e  of  the  («)iii|tlote  list  of  memhors  which  was  published  in  earlier 
volumes.  Tbo  summary  uttuchin^^  to  this  issin*  is  tliat  which  appears  in  the 
cHtal()«rin'  of  the  Society,  issued  with  corriM  tioiis  up  to  July,  1891).  Reference 
tor  liie  complete  list  should  be  made  lo  the  XXlh  catalogue  i.saucd  on  that  date, 
'I'lie  .suiiimarv  is  as  follows  : 


Hel^ium 

Canada 

Central  America 

(^hina 

Cuba 

France 

Germany 


KoKKKiN     (.'OINTRIKS. 

Mcinltci>liii».  I  McinlxTship. 

2  '  (Jreat     Britain 

7  I      (Kngland) 28 

1  I  Great    Britain 

2  (Scotland) 

1  Holland 

8  India 

<>  .Japan 


Mexico 

Russia 

South  Africa.  . 
South  America 

Sweden 

Switzerland. . . 


Membership. 
3 
2 
2 
5 
5 
1 


Total  foreign  membership 83 


Membership. 

Alabama 1 

Alaska 1 

Arizona 1 

Arkansas 1 

California 26 

Colorado    17 

Connecticut.  ...  94 

Delaware 9 

District    of    Co- 
lumbia   20 

Florida 1 

Georgia 3 

Illinois 128 

Indiana 2G 

Iowa 4 


United   States. 

Membership. 

Kansas 1 

Kentucky 2 

Louisiana 4 

Maine    11 

Maryland 24 

Massachusetts. .  182 

Michigan 53 

Minnesota 8 

Mississippi 1 

Missouri 25 

Montana 8 

Nebraska 3 

Nevada 1 

New  Hampshire  11 

New  Jersey  . .  .  101 


Membership. 

New  York 530 

North  Carolina .  3 

Ohio 122 

Oregon    1 

Pennsylvania  . .  289 

Puerto  Rico  ....  1 

Rhode  Island...  40 

South  Carolina.  6 

Tennessee 2 

Texas 3 

Vermont 8 

Virginia    26 

Washington. ...  2 

West  Virginia. .  4 

Wisconsin 41 


Total  membership  in  the  United  States 1,845 

GEOGRAPHICAL    SUMMARY. 

Total  foreign  membership  83 

Total  membership  in  United  States ....      1,845 

Present  address  unknown 1 


Total  membership 1,929 


SUMMARY  OF  MEMBERSHIP  BY  GRADES. 

Honorary  members 15 

Members 1,416 


Associates 

Junior  members 


121 
377 


Total  membership 1,929 

Seventy-five  members,  by  payment  of  the  life  membership  fee  of  $200,  have 
made  tliemselves  life  members,  but  are  included  in  the  above  list  in  their 
respectiv(;  grades. 


I 


PAST    OFFICERS. 

(Executive.) 

PRESIDENTS. 
R.  H.  Thubston  (April  7tb,  1880— Nov.  ;jd,1882),  E.  D.  Leavitt,  Jr.  (Nov.  3d, 
1882— Nov.  3d,  1883).  John  E.  Sweet  (Nov.  3d,  1883— Xov.  7ih,  1884),  J.  F. 
HoLLOWAY*  (Nov.  7tli,  1881— Nov.  13tb,  1885),  Coleman  Seller3  (Nov.  13th, 
1885— Dec.  2d,  1886),  Geo.  H.  Babcock  f  (Dec.  2d,  188G— Dec.  1st,  1887),  Horace 
Sbe  (Dec.  1st,  1887— Oct.  18ih,  1888),  Henry  H.  Towne  (Oct.  18tli,  1888— Nov. 
22d,  1889),  Oberlin  Smith  (Nov.  22d,  1889— Nov.  14th,  1890),  Robt.  W.  Hunt 
(Nov.  14th,  1890— Nov.  20th,  1891),  Chas.  H.  Loring  (Nov.  20th,  1891— Nov. 
39th,  1892),  Eckley  B.  Coxe^  (Nov.  29th,  1892— Dec.  4th,  1894),  E.  F.  C.  Davis  g 
(Dec.  4th,  1894— Aug.  6th,  1895),  Chas.  E.  Billings  ||  (Aug.  6th,  1895— Dec.  3d, 
1895),  John  Fritz  (Dec.  3d,  1895— Dec.  5th,  1896),  Worcester  R.  Warner 
(Dec.   5t.h,  1896— Dec.  3d,  1897),    Charles  Wallace    Hunt  (Dec.  3d,  1897— 

Dec.  2d,  1898). 

TREASURERS  AND  SECRETARIES. 

Treasurers.— hYCVRGVS  B.  Moore  (April  7th,  1880— Dec.  2d,  1881),  Chas.  W. 
COPELAND  ^  (Dec.  2d,  1881— Nov.  7th,  1884). 

Secretaries. — Lycurgus  B.  Moore  (Acting,  April  7th,  1880 — Nov.  4th,  1880), 
Thos.  Whiteside  Rae**  (Nov.  4th,  1880— March  1st,  1883). 


MEMBERS   OF   PREVIOUS   COUNCILS. 
VICE-PRESIDENTS. 

Henry  R.  Worthington,!!  Coleman  Sellers,  Eckley  B.  Coxe,:|:  Q.  A. 
QiLLMORE,  Wm.  H.  Shock,  Alex.  L.  Holley,:}:^  F.  A.  Pratt,  W.  P.  Trow- 
bridge,§§  E.  D.  Leavitt,  Jr.,  Chas.  E.  Emery,  John  Fritz,  Henry  Morton, 
Wm.  Metcalf,  S.  B.  Whiting,  A.  B.  Couch,  W.  R.  Eckhart,  J.  V.  Merrick, 
Charles  W.  Copeland,*1[  Olin  Landreth,  Henry  R.  Towne,  C.  H.  Loring, 
Horace  See,  Allan  Stirling,  Jos.  Morgan,  Jr.,  C.  T.  Porter,  Horace  S. 
Smith,  W.  S.  G.  Baker,  H.  G.  Morris,  C.  J.  H.  Woodbury,  Thos.  J.  Borden, 
Wm.  Kent,  Chas.  B.  Richards,  Joel  Sharp, ||||  Geo.  W.  Weeks,  De  Volson 
Wood,  S.  W.  Baldwin,  John  F.  Pankhurst,  Alexander  Gordon,  Geo.  L 
Alden,  E.  F.  C.  Davis,  Irving  M.  Scott,  C.  W.  Hunt,  Thos.  R.  Pickering, 
Edwin  Reynolds,  C.  E.  Billings,  Peijcival  Roberts,  Jr.,  H.  J.  Small,  F. 
H.  Ball,  Jesse  M.  Smith,  M.  L.  Holman,  Geo.  W.  Melville,  Chas.  H.  Man- 
ning, Francis  W.  Dean,  E.  S.  Cramp,  S.  T.  Wellman,  and  W.  F.  Dukfee. 

MANAGERS. 

W.  P.  Trowbridge, 5^  T.  N.  Ely,  J.  C.  Hoadley,^!*!  Washington  Jones, 
Wm.  B.  Cogswell,  F.  A.  Pratt,  Chas.  B.  Richards,  S.  B.  Whiting,  J.  F.  Hol- 
low ay,  Geo.  W.  Fisher,  Allan  Stirling,  Geo.  H.  Babcock,  S.  W.  Robinson. 
Jno.  E.  Sweet,  R.  W.  Hunt,  Chas.  T.  Porter,  C.  J.  H.  Woodbury,  W.  F. 
Durfee,  Oberlin  Smith,  C.  C.  Worthington,  Wm.  Lee  Church  Wm. 
Hewitt,  C.  H.  Morgan,  H.  A.  Hill,  Wm.  Kent,  S.  T.  Wellman,  F.  G. 
CoGGiN,  J.  T.  Hawkins,  T.  R.  Morgan,  Sr.,  S.  W.  Baldwin,  Fredk  Grin- 
nell,  Morris  Sellers,  Frank  H.  Ball,  Geo.  M.  Bond,  Wm.  Forsyth,  Jas. 
E.  Denton,  Carleton  W.  Nason,  H.  H.  Westinghocse,  Andrew  Fletcher, 
Worcester  R.  Warner,  Coleman  Sellers,  Jr.,  Jas.  M.  Dodge,  Robt.  For- 
syth, Jesse  M.  Smith,  Chas.  H.  Manning,  C.  W.  Pusey,  John  Thomson,  John 
B.  Herreshoff,  L.  B.  Miller,  W.  S.  Russkl,  John  C.  Kafer,  Chas.  A. 
Bauer,  Arthur  C.  Walworth,  Norman  C.  Stiles,  E.  D.  Meier,  and  Geo. 
W.  Dickie. 

•  Died,  Sept.  1, 1896.  t  Died.  Dec.  16.  189^.                      t  Died.  Mav  13.  1895. 

§  Died,  Aug.  6,  1895.  P  Unexpi'cd  term  of  Mr.  Davis.    1  Died.  Feb.  7.  1895. 

**  Died,  May  27,  1893.  tt  Died,  Dec.  17,  1880.                      JJ  Died,  Jan.  29,  1882. 

§§  Died,  Aug.  12,  1892.  ID  Died,  July  28,  1898.                     ^«[  Died,  Oct.  21, 1886. 


HONORARY   COUNCILLORS 

Past  Presidents  of  the  Society. 


R.  H.  Thurston 1880—1882 Ithaca,  N.  Y. 

E.  D.  Leavitt 1883—1883 Cambridgeport,  Mass. 

John  E.   Sweet 1883—1884 Syracuse,  N.  Y. 

Coleman  Sellers.  , 1885—1886 Philadelphia,  Pa. 

Horace  See 1887—1888 New  York  City. 

Henry  R.  Towne 1888—1889 Stamford,  Conu. 

Oberlin  Smith 1889—1890 Bridgeton,  N.  J. 

Robert  W.  Hunt 1890—1891 Chicago,  111. 

Charles  H.  Loring 1891—1892 Brooklyn,  N.  Y. 

Charles  E.  Billings  * 1895 Hartford,  Conn. 

John  Fritz 1895—1896 Bethlehem,  Pa. 

Worce>ter  R.  Warner 1896—1897 Cleveland,  Ohio. 

Charles  Wallace  Hunt 1897—1898 New  York  City. 

[Note.— Tiie  former  Presidents  of  the  Society  are  members  of  the  Council  for  life  or  during 
tlieir  retention  of  active  membership  in  the  Society.] 

♦  Unexpired  term  of  E.  F.  C.  Davis. 


RULES   OF   THE   AMERICAN   SOCIETY  OF 
MECHANICAL   ENGINEERS. 


Aet.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Societ}^ 

Art.  3.  The  Society  shall  consist  of  Honorar}^  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowledged 
professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so  con- 
nected with  engineering  as  to  be  competent  as  a  designer  or  as  a 
constructor,  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years. 

Note. — The  Rules  of  the  Society,  adopted  in  1880,  were  in  force  until  1884, 
when  they  received  general  revision  bv  a  careful  committee,  wliose  report,  dis- 
tributed by  letter  ballot,  was  ad()])ted  November  5,  1884.  In  December,  1894, 
a  similar  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  1893,  and  1898,  which  were  the  only  changes  since  the  revision  of  1884. 


viii  RULES    OF   THE 

Akt.  0.  To  be  (;li<,nblo  us  an  Associate  the  candidate  must  be 
not  less  than  tw(;nty-six  years  of  age,  and  must  have  the  other 
qualifications  of  a  member  ;  or  he  sliall  have  been  so  connected 
with  engineering  as  to  l)e  comp<itent  to  take  charge  of  work,  and 
to  cooperate  witli  engiiKMM's. 

Art.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  (engineering  (experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Art.  8.  All  Honorary  Meuibers,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  wanting  and  signed  by 
the  proposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Applications  for  membership  from  engineers  who  are  not 
resident  in  the  United  States  and  Canada,  and  who  may  be  so 
situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  Members  of  the  Council,  after  sufficient 
evidence  has  been  secured  which  shall  show  that  in  their  opinion 
the  applicant  is  worthy  of  admission  to  the  grade  which  he 
seeks. 

Art.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
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such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arrive  at  a  proper  estimate  of  the  eligibility 
of  the  candidate  for  admission  to  the  Society.  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officialh"  declared. 

Art.  12.  All  applications  for  membei'ship  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's  consent,  the  grade  in 
the  Society  to  which,  in  its  opinion,  his  qualifications  entitle  him. 
The  names  of  those  candidates  recommended  for  election  by  the 
Society  shall  be  immediately  printed  on  a  ballot,  and  the  ballot 
mailed  at  once  by  the  Secretarv  to  each  voting  member  of  the 
Society.  Persons  desiring  to  change  their  grade  of  membershij) 
from  junior  to  associate  or  from  associate  to  member  shall  make 
an  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant. 

Art.  13.  a  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  sealed  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  which  he  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Society.  A  ballot  without  such 
endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
candidate  by  seven  voters  shall  defeat  his  election. 

Art.  14.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting:  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Council,  through  a  letter  ballot,  not  less  than  sixty 
days  subsequent  to  the  proposal,  a  notice  of  w^hicli  proposed  elec- 
tion shall  have  been  mailed  at  once  bv  the  Secretarv  to  each 
member  of  the  Council, 


X  IMI.KS    OF    TFIK 

7\iM.  IT.  Kacli  person  clccUid.  (;x(H;pting  honorary  nriembcrs, 
must  subscribe;  to  the  Riih^s  of  th(;  Society,  and  pay  the  initiation 
fee  before  he  can  receive  a  certificate  cmtithng  him  to  the  rights 
jiiul  privih^ges  of  the  Society,  and  to  Avear  llie  (;inbh3ni  appropriate 
to  his  (ri-;i(h\  If  Ihis  pa,yiiHUit  is  not  madr,  within  six  months  of 
the  election,  Uk;  sam(^  sliall  1)0  void,  unl(!ss  the  time  is  extended  by 
the  (^ouncih  Tin;  <;ml)l(;ms  of  each  grachi  of  meml)er--iMp  sliall  be 
worn  by  those  only  who  belong  to  that  grade. 

Art.  is.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twentv-Hve  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  ailvance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  ])ayable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
o-rade,  by  the  payment  of  two  hundi'ed  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
without  the  payment  of  the  sum  above  named,  such  person  as  for 
a  lono-  term  of  years  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Society ;  p/'ovided,  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  tlie  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken  from 
the  list  of  members.  Such  person  may  be  restored  to  the  privi- 
leges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Societ}^ 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain  their 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  any  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
riofhts  or  obli.o-ations  of  the  Societv  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows  : 
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The  rresident  and  tlicr  TreasuiHU*  (ov  oiu;  yeai-  ;  iiiid  no  pei'soii 
shall  1h'  eligible  for  immediate  I'e-election  as  President  who  shall 
have  Jield  that  ofHce  for  two  consecutive  vears ;  the  Vice-J-^resi- 
dents  for  two  years,  and  the  Managers  for  three  years;  and  no 
Vice-President  or  Manager  shall  be  eligible  for  immediate  re-elec- 
tion to  the  siime  office  at  the  expiration  of  the  term  for  which  he 
was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  he 
is  appointed  by  a  majority  vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Yice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of 
the  meeting  at  which  their  successors  are  elected. 

Art.  21.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Societ3\  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council. may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurrino:  bv  death  or  resio-nation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so 
appointed  shall  hold  office  for  the  remainder  of  the  term  for 
which  his  predecessor  was  elected  or  appointed ;  provided,  that 
the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum. Members  of  the  Council  absent  from  a  meetino^  mav  vote  bv 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretary. 
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Aim.  liT.  TIm'  rrcsidcni  <»ii  iissmiiin;;-  oUicc  shall  appoint  a 
Finaiu'r  Commitlrc  and  a  Piil)licat ion  (  oniniittec  and  a  J.ibrary 
ComniilU't^  (»f  liv«!  incmbois  each.  Tlic  appointment  of  two 
ninnil)(M-s  of  each  Coniinittco  shall  L'X})ire  at  the  end  of  each 
year.  The  Sr«ivt;irv  shall,  ex  officio,  be  a  member  of  all  three 
committees. 

Aim-.  t>s.  Tiic  Finance  Oommittee  shall  liave  power  to  order  all 
ordinary  oi'  ciii-rent  expenditures,  and  shall  audit  all  bills  therefor. 
No  bill  shall  be  paid  except  upon  their  audit.  When  special  ap- 
propi'iations  are  ordered  l)y  the  Society,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  Council  and  Finance  Com- 
mittee in  conference. 

Art.  '2\\  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ino-s  of  the  So(netv.  Thev  shall  see  that  all  editorial  revisions  of 
the  proceedings,  ])apers,  discussions,  and  reports  are  made;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  may,  at  its  discretion, 
revise  an}^  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  dut}'  of  the  Librar\^  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  Nominating  Committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirty  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  regularly  appointed  committee,  any  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent Nominating  Committee,  and  may  present  to  the  Secre- 
tary, at  least  thirty  days  before  the  annual  meetino^,  all  the  names 
of  such  candidates  as  they  may  select.  All  the  names  of  such 
independent  nominees  shall  be  placed  upon  the  ballot  list,  with 
nothing  to  distinguish  them  from  the  nominees  of  the  regular 
committee,  and  tlie  Secretary  shall  at  once  mail  the  said  list  of 
names  to  each  member  and  associate  in  the  form  of  a  letter  ballot, 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32.  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Vice-Presidents 
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to  be  elected.  He  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  Avay. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  returning 
the  list  to  the  Secretary — such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  by 
the  voter.  'No  member  or  associate  in  arrears  since  the  last 
annual  meeting  shall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Art.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  ofreatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared  elected. 


MEETINGS. 

Art.  85.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tuesday  in  December  of  each  year,  in. the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meeting, 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates,  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  Council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Art.  38.  Any  member,  honorar}^  member,  or  associate,  may  in- 
troduce a  stranger  to  any  meeting;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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Aim.  M'.  At  imy  m«^nilar  mcotin«;  of  the  Society  thirteen  or 
more  mcinlMM's  jind  assoc.iaU.s  sluill  constitute  a  quorum. 

Aim-.  41.  rnlcss  otlnu'wise  ordered,  papers  shall  be  read  in  the 
orch'r  in  which  their  text  is  received  l)y  the  Secretary.  Before 
any  paper  app(?ars  in  tht^  Tranmctions  of  the  Society,  a  copy  of 
the  paper  sliall  he  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  4-2.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Society's  imprint,  as 
its  Transactions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors'  consent,  copies  of  such  papers,  ^'  subject  to  revision,"  with 
such  illustrations  as  are  needed  for  the  Transactions,  for  distribu- 
tion to  the  members  and  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  the  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation 
of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing ;  provided^  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  ^re^Qr\i\  provided,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
^  previous  meeting. 
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DCCXCI. 

PROCEEDINGS 


OP    THE 


NEW    YORK   MEETING 

(XXXVIIIth) 


OP   THE 


AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

November  29th  to  December  2d,  1898. 


The  nineteenth  annual  meeting  of  the  Society,  which  was  also 
its  thirty-eighth  convention,  was  held  in  New  York  City,  during 
the  interval,  November  29  to  December  2,  1898.  The  formal 
gatherings  were  held  in  the  Society's  cozy  auditorium,  but  a  large 
overflow  gathering  was  always  to  be  found  in  the  halls  and  parlors, 
of  those  who  prized  the  opportunity  for  renewing  old  acquaint- 
ances and  making  new  ones. 

The  first  session  opened  on  the  evening  of  Tuesday,  November 
29th,  by  the  gathering  of  the  members  in  the  parlors  and  library 
for  a  species  of  informal  reception.  At  about  nine  o'clock  the 
audience  was  convened  in  the  auditorium  to  listen  to  the  address 
of  the  President,  Mr.  Charles  Wallace  Hunt  of  New  York,  which 
was  heard  with  profound  interest  and  attention.  His  subject 
was,  "  The  Engineer  :  His  Work  ;  His  Ethics  ;  His  Pleasures." 

Messrs.  Bonner  and  Barr  were  appointed  tellers,  to  count  the 
letter  ballot  received  from  the  membership  for  officers  of  the 
Society  for  the  ensuing  year,  to  render  a  report  at  the  business 
session  on  Wednesday  morning,  and  after  announcements  con- 
cerning the  conduct  of  the  meeting,  the  members  adjourned  for  a 
light  luncheon  in  the  banquet  room  below. 


IM^OCKKDINCS    OF   TIIK 


Second  Day.     Wednksday,  November  30th. 

The  ivgular  l)usinoss  session  of  the  animal  meeting  of  the 
Society  convened  at  ten  o'clock,  in  tlie  auditoiiiim  of  the  So- 
ciety. The  large  number  already  registered  indicated  a  consid- 
erable numerical  success  for  the  meeting,  although  the  severe 
weather  and  storms  in  New  England  materially  affected  the 
attendance  of  members  from  that  region.  The  Society  was  sad- 
dened to  learn  of  the  death,  by  the  loss  of  the  City  of  Portland 
at  sea,  of  Mr.  Wm.  L.  Chase,  one  of  its  valued  members. 

The  register  of  members  and  guests  contained  the  following 
names  of  members  present  at  the  meeting  : 


Albree,  C.  B. 
Allan,  Percy. 
Aller,  A. 
Allison,  Kobt. 
Almirall,  J.  A. 
Almond,  Thos.  R. 
Ahny,  Darwin. 
Archer,  E.  H. 
Asliwortb,  D. 
Aslakson,  B. 
Bailey,  W.  II. 
Ball,  F.  II. 
Bang,  H.  A. 
Baldwin,  S.  W. 
Barnard,  G.  A. 
Barnes,  A.  T. 
Baith,  C.  G. 
Barr,  J.  H. 
Barr,  H.  P. 
Barrus,  Geo.  H. 
Basford,  G.  M. 
Bates,  E.  P. 
Bates,  F.  C. 
Bauer,  C.  A. 
Baylis,  R.  N. 
Beach, G. 
Bellows,  L.  E. 
Benns,  C.  P. 
Billings,  C.  E. 
Bird,  W.  W. 
Birkinbine,  J. 
Blessing,  J.  H. 
Bole,  W.  A. 
Bolton,  R.  P. 
Bond,  G.  M. 
Bonner.  W.  T. 


Boyer,  E.  S. 
Bradley,  W.  II. 
Brasbear,  J.  A. 
Bristol,  Wni.  H. 
Brown,  R.  S. 
Brown,  Wm.  Clinton. 
Bulk  ley,  H.  VV. 
Burdett,  W.  F. 
Burnham,  H.  A. 
Burns,  A.  L. 
Caldwell.  A.  J. 
Camp,  Geo.  E. 
Carpenter,  A.  H. 
Cary,  A.  A. 
Cassier,  Louis. 
Chambers,  F.  R..  Jr. 
Cheney,  W.  L. 
Christensen,  A.  C. 
Christie,  W.  W. 
Church,  E.  D.,  Jr. 
Clarke,  S.  J. 
Cobb,  G.  H. 
Cogswell,  W.  B. 
Colvin,  F.  H. 
Col  well,  A.  W. 
Conant,  Wm.  S. 
Connell,  J.  A. 
Connolly,  J.  A. 
Conrad,  H.  V. 
Cook,  Harte. 
Corbett,  C.  H. 
Coster,  E.  L. 
Cox,  J.  D.,  Jr. 
Cremer,  J,  M. 
Cruikshank,  L.  B. 
Culling  worth,  G.  R. 


Dale,  O.  G. 
Dallett,  W.  P. 
Darling,  E.  A. 
Davis,  L.  K. 
Deane,  C.  P. 
Decrow,  D.  A. 
Deming,  W.  H. 
Del  rick,  J.  S. 
Dinkel,  Geo. 
Donnelly,  J.  R. 
Ducommun,  Ed. 
Durfee,  W.  F. 
Ekstrand,  Chas. 
Evans,  Q.  N. 
Faberdu  Faur,  A. 
Fellows,  E.  R. 
Ferguson,  G.  R. 
Finley,  A.  D. 
Fladd,  F.  C. 
Flint,  B.  P. 
Fowler,  G.  L, 
Francis,  H.  C. 
Freeman,  J.  R. 
Frevert,  H.  F. 
Frith,  A.  J. 
Fritz,  John. 
Frothingham,  F.  ] 
Gantt,  H.  L. 
Gobeille,  J.  L. 
Goetz,  V.  J. 
Goetze,  F.  A. 
Good  ale,  A.  M. 
Gould,  W.  V. 
Go  wing,  E.  H. 
Granger,  A.  S, 
Green,  Saml.  M. 
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Greeiileaf,  G.  E. 

(^reensmith,  Jas.  K. 

Greer.  R.  C. 

Grohmann,  C.  L. 

Gulowsen,  G.  A. 

Hale,  K.  S. 

Hall,  F.  A. 

Hall.  John  H. 

Hall,  K.  E. 

Halsey.  F.  A. 

Hamilton,  J.  V. 

Henderson.  Alex. 

Heuning.  G.  C 

Henderson,  J.  C. 

Henry,  W.  T. 

Hewlett,  E.  M. 

Higgins,  C.  P. 

Hill,  Geo. 

Hill,  G.  H. 

Hillman,  Gustave. 

Hill,  \V.  E. 

Hill.  Wm. 

Hoffecker.  W.  L. 

Holly,  E.  P. 

Holmes.  W.  G. 

Hoppes,  J.  J. 
Hopton,  \V.  E. 
Horton.  J.  T. 
Hough.  D.  L. 
Hunt,  A.  E. 
Hunt,  Chas.  ^^'allace. 
Hunt,  R.  W. 
Hunt.  W.  F. 
Huson,  W.  S. 
Huston,  C.  L. 
Hut  ton,  F.  R.,  SecV. 
Idell,  F.  E. 
Inglis,  Jas. 
Jacobi,  A.  W; 
Jacobus.  D.  S. 
Jenkins,  M.  C. 
Jenks,  L.  H. 
Jenks.  Wm.  H. 
Jennings,  E.  L. 
Johnson,  A.  E. 
Jordan,  S.  S. 
Kafer,  J.  C. 
Katte,  E.  B. 
Kent,  Wm. 
King,  C.  C. 


Kingsbury,  Alljert. 

Kirchhoflf.  Chas. 
Laforge,  F.  H.* 
Langlotz,  Chas. 

Langlotz,  Robt. 

Lawton,  M.  A. 

LeVan,  W.  B. 

Lenssen,  Arthur,  Jr. 

Lewis,  D.  J..  Jr. 

Lewis,  J.  F. 

Lieb,  J.  W..  Jr. 

Lipps,  H.,  Jr. 

Longnecker,  C.  K. 

Loring,  Chas.  H. 

Love! and,  J.  W. 

Low,  F.  R. 

Luther.  F.  S. 

Mc Arthur.  Robt. 

McBride,  Jas. 

McEwen,  J.  H. 

McKean,  R.  A. 

McMannis,  "Wm. 

Mackintosh.  Fred'k. 

Martinez,  !M.  J. 

Matlack,  J.  R.,  Jr. 

3Iattes,  W.  F. 

Massey.  G.  B. 

Mead,"F.  S. 

Meatz,  J.  T. 

Meier,  E.  D. 

Melville,  Geo.  W. 

Melvin,  D.  X. 

Meyer,  H.  C.  Jr. 

Miller.  F.  J. 

Moeller,  F, 

Monaghan,  W.  F. 
Moore,  D.  G. 
Morison,  G.  S. 
Morris,  H.  G. 
Morse,  C.  M. 
Moulthrop.  L. 
MulJer.  M.  A. 
Mailer,  T.  H. 
Mum  ford,  E.  A. 
Nason.  C.  W. 
KefE.  E.  H. 
Xewcomb,  Chas.  L. 
Newhall.  J.  B. 
Xordland.  Lawrence. 
Xorris.  J.  H. 


Norris,  H.  M. 

Norris,  R,  Van  A. 

Odell,  W.  H. 

Clin,  F.  \V. 

Orr.  A.  M.,  Jr. 

Oviatt,  D.  B. 

Parsons,  F.  W.  * 

Parsons,  II.  de  B. 

Patterson.  A.  W. 

Paul,  J.  W. 

Peek,  G.  M. 

Perkins.  T.  C. 

Pessano,  A,  C. 

Phelps,  F.  A.,  Jr. 

Phillips,  Franklin. 

Philip,  C.  von. 

Phipps,  C.  \V. 

Piatt,  John. 

Poole.  Herman. 

Poore.  J.  B. 

Powell,  Marcus. 

Pratt,  C.  R. 

Prescott,  J.  A. 

Rankin.  T.  L. 

Reed.  S.  G. 

Reist,  H.  G. 

Rice,  A.  L. 
Richards,  C.  R. 

Richards,  Frank, 
Richards,  F.  H. 
Richmond.  Geo. 
Ridsdale,  T.  W. 
Robinson.  Edw. 
Robinson,  H.  B. 
Robinson,  J.  31. 
Robinson,  W.  S. 
Rockwood,  G.  I. 
Rogers,  W.  S. 
Rohrer,  A.  L. 
Roney,  Wm.  R. 
Rood^  V.  H. 
Ro.ss,  E.  L. 
Rowland.  A.  E. 
Rowland,  C.  B. 
Rowland.  T.  F. 
Russell,  C.  M. 
Sabine,  A.  II. 
Sanguinetti,  Percy  A. 
Sattler.  Wm.  R.  ' 
Schelfler,   F.   A. 
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Scholl,  J. 
Schiiuck,  I'i.  V. 
Sch<>('ii]>«)rii,  \\  .  Iv 
Scliumann,  F. 
Schuttc,  L. 
Scott,  St'uton  M. 
See,  lloruce. 
SergeiiJit,  ('.  H. 
Serrel,  J.  A, 
Sewall,  M.  W. 
Shipley,  Thos. 
Sinclair,  Angus. 
Slater,  F.  R. 
Stetson,  a.  K. 
Stratton,  W.  II. 
Smitb,   A.  W. 
Smith,  E. 

Smith,  Howard  AVells. 
Smith,  Jesse  M. 
Smith,  J.  Waldo. 
Smith,  Oberlin, 
Smith,  S.  Howard. 
Suell,  Henry  I. 
Souther,  Henry. 
Sparrow,  E.  P. 
Spaulding,  H.  C. 
Spies,  Albert. 
Spilsbiiry,  E.  G. 
Stangland,  B.  F. 
Stanley,  A.  W. 
Stearns,  Albert. 


Stiles,  N.  C. 
Stiliraan,  F.  II. 
Suple<',  II.  II. 
Svensoii.  .John. 
SwuHcy,  Ambrose. 
Sweet,  J.  E. 
'riioinas.  ('.  W. 
Thompson,  Ed.  P. 
Thomson,  John. 
Thorpe,  R.  II. 
Tibbals,  G.  A. 
Tolman,  Jas.  P. 
Tompkins,  Stonewail. 
Tompkins,  S.  D. 
Torrance,  Kenneth. 
Torrey,  H.  G. 
Towle,  F.  M. 
Trask,  G.  F.  D. 
Traiitwein,  A.  P. 
Treat,  Chas.  H. 
Tremaine,  E.  G. 
Tucker,  E.  D. 
Tucker,  W.  B. 
Turner,  John. 
Tyler,  C.  C. 
Van  Derhoef,  G.  N. 
Varney,  W.  W. 
Veeder,  C.  H. 
Verastegui,  Albert. 
Wagner,  E,  F. 
Wallace,  F.  A. 


AVal worth,  A.  C. 
Ward,   W.  E. 
Warner,  Worcester  R. 
Warren,  B.  II. 

Washington,  W.  1).  II. 

W(  1)1),  J.  n. 

Webber,  S.  S. 
AVeber,  F.  C. 
W'eber,  Geo.  A. 
Webster,  W.  R. 
Wellman,  S.  T. 
Wheeler,  F.  M. 
Wlieelock,  J. 
Wliinery,  S. 
Whitney,  W.  M. 
\Miittier,  Chas. 
Wiggin,  Wm.  H. 
Wiley,  AYm.  H. 
Williamson,  Wm.  C. 
Williams,  Franklin. 
Williston,  Arthur. 
Winship,  J.  G. 
Wood,  A.  C. 
Wood,  A.  J. 
Woodbury,  C.  J.  H. 
Woolson,*0.  C. 
Wright,  J.  K. 
Wurts,  Edw.  B. 
Wyman,  H.  W. 
Young,  W.  S. 


There  was  also  a  considerable  number  of  invited  guests  and 
ladies. 

The  plan  was  followed  of  numbering  the  signatures  on  the 
official  register,  and  providing  that  a  lapel-badge  worn  at  the 
convention  should  bear  the  number  corresponding  to  the  signa= 
ture  upon  the  register.  Transcripts  from  the  register  were 
printed  at  short  intervals  and  distributed,  so  that  every  facility 
was  furnished  for  the  members  to  become  acquainted  with  each 
other.  It  was  remarked  that  the  social  side  of  the  meeting  has 
appeared  to  grow  stronger  and  stronger  as  an  element  of  its 
attraction,  the  longer  this  plan  is  in  operation. 

The  first  business  of  the  general  session  were  the  reports 
required  under  the  Rules,  from  the  Council  and  its  Standing 
Committees.  These  had  been  printed  and  were  read  in  abstract 
by  the  Secretar3\     Their  full  text  is  as  follows  : 
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ANNUAL   REPORT   OF   THE   COUNCIL. 

Tlie  Council  would  present  to  the  Society,  convened  for  its 
XlXtli  Annual  Meeting,  the  report  of  business  which  has  been 
considered  by  it  and  of  the  action  which  has  been  taken  during 
the  year. 

Pursuant  to  the  resignation  of  Mr.  David  E..  Frazer,  elected 
Yice-President  of  the  Society  by  the  ballot  counted  at  the 
Annual  Meeting  of  1897,  the  Council  has  appointed,  under 
Article  25  of  the  Rules,  Mr.  Charles  M.  Jarvis  to  act  as  Vice- 
President  and  member  of  the  Council  for  the  full  term  of  two 
years,  for  which  his  predecessor  had  been  elected. 

There  was  referred  to  the  Council  by  the  Annual  Meeting  of 
1897  the  question  of  appointing  a  committee  to  consider  the 
subject  of  Standard  Pipe  Unions,  and  to  confer  with  similar 
committees  of  the  American  Railway  Master  Mechanics  and 
Master  Car  Builders'  Asssociation.  Under  this  resolution  the 
Council  appointed  a  committee  of  five,  being  the  same  committee 
who  was  appointed  in  1885  to  consider  the  question  of  Standard- 
ization of  Pi^^e  Threads.  Resignations  from  that  committee,  by 
reason  of  business  changes  or  absences  from  the  country,  resulted 
in  the  appointment  finally  of  a  different  committee,  consisting  of 
Messrs.  B.  H.  Warren,  Chairman ;  Wm.  J.  Baldwin,  George  M. 
Bond,  E.  M.  Herr,  and  Stanley  G.  Plagg.  The  work  of  this  com- 
mittee has  been  so  interfered  with  by  the  assignments  of  its  mem- 
bers to  military  duty  or  naval  appointments  during  the  war  that 
the  committee  has  no  report  to  make  at  the  present  meeting. 

The  following  letter  has  been  received  from  the  Institution  of 
Civil  Engineers  of  Great  Britain  : 

"  To  THE  Preside]s;t    and   Council   of   the   American    Society   of   Me- 
chanical Engineers. 

"  Gentlemex  :  In  view  of  tlie  intended  International  Exposition  in  Paris  in 
the  year  1900,  it  lias  appeared  to  the  Council  of  this  Institution  not  unlikely  that 
some  of  the  members  of  your  Society  may  visit  Europe  in  a  more  or  less  organized 
party  in  that  year. 

"  VVe  are  desired  by  the  Council  of  this  Institution  to  say,  that  should  such  a 
step  be  taken,  and  should  your  members  be  able  to  visit  England,  the  Institution 
of  Civil  Engineers  would  wish  to  welcome  its  professional  brethren  of  the  United 
States  with  a  warm  greeting,  to  receive  them  at  the  house  of  the  Institution,  and 
in  such  other  ways  as  may  be  found  agreeable,  tq  take  advantage  of  such  a 
favorable  opportunity  of  testifying  their  regard  for  the  members  of  your  Society. 

"We  have  the  honor  to  be, 

"Gentlemen,  yours  very  truly, 

"J.  Wolfe  Bakry,  President. . 
"J.  H.  T.  TuDSBEUY,  Secretary." 
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The  Secretary  of  tliis  Society  Avas  directed  to  write  to  the 
Council  of  tlui  Institution,  acknowledging  the  receipt  of  the 
invitation,  and  stating  tliat  a  fitting  response  would  l)e  made  in 
due  time,  after  the  matter  can  be  thoroughly  canvassed  among 
the  membership. 

The  Council  has  directed  that  the  Society  should  be  repre- 
sented in  the  conference  proposed  under  the  auspices  of  the 
International  Association  for  Testing  Materials.  The  Society 
has  been  made  a  member  of  this  organization,  by  the  payment 
of  its  yearly  fee. 

A  Committee  has  been  appointed  to  consider  and  report  upon 
the  methods  pursued  in  the  large,  professional  societies  of 
England  and  the  Continent  in  the  matter  of  electing  members 
of  these  societies  in  their  several  grades.  It  has  been  the 
opinion  of  the  Council  that  the  growth  of  the  Society  from  the 
comparatively  small  beginnings  and  a  limited  membership  to 
the  present  international  membership  makes  it  desirable  that 
the  veto  power  upon  the  candidacy  of  engineers  to  membership 
in  the  Society  should  not  vest  in  the  possession  of  a  percentage 
of  the  Society,  which  is  continually  growing  smaller  and  smaller. 
The  whole  question,  therefore,  of  the  wise  procedure,  and  of 
the  amendment  to  the  present  rules  which  may  be  desirable  to 
carry  out  this  wise  course,  is  under  consideration  by  the  Council, 
but  no  report  is  ready  for  this  meeting. 

Pursuant  to  the  papers  presented  by  Messrs.  Bryan  Donkin,  of 
London,  England,  and  Mr.  George  H.  Barrus,  of  Boston,  and  the 
resolution  of  the  Niagara  Falls  Convention  that  a  committee  of 
five  should  be  appointed  to  consider  and  report  upon  a  "  Stand- 
ardization or  Unification  of  the  Methods  of  Testing  Steam- 
engines,"  the  Council  has  approved  the  appointment  of  a 
committee  consisting  of  Messrs.  Francis  H.  Boyer,  George  H. 
Barrus,  Bryan  Donkin,  D.  S.  Jacobus,  and  George  H.  Richmond. 

The  Committee  of  the  Society,  consisting  of  Messrs.  H.  de  B. 
Parsons  and  T.  F.  Rowland,  Jr.,  which  was  appointed  to  serve 
with  a  similar  delegation  from  othcn^  organizations  to  conduct  a 
series  of  tests  upon  the  fire-resisting  properties  of  fire  proofing 
materials,  has  handed  in  its  resignation.  The  exhaustion  of  the 
funds  available  for  the  conduct  of  these  tests,  and  changes  in 
the  conditions  attendant  upon  them,  has  made  it  impossible  for 
the  Committee  to  prosecute  further  researches. 

The  Council  has  had  to  consider  an  application  from  a  mem- 
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ber  elected  to  the  Member's  Grade,  who,  after  such  ek^ctiou  l)ut 
before  qualifying,  had  expressed  a  desire  to  change  his  grade 
of  membership  to  a  lower  grade.  While  the  reasons  advanced 
for  this  desire  were  cogent,  mainly  on  their  financial  side,  it  was 
the  opinion  of  the  Council  that  the  best  interests  of  the  Society 
would  be  subserved  by  having  in  each  grade  of  membership 
only  such  engineers  as  were  qualified  in  the  opinion  of  the 
Council  to  attach  to  that  grade.  It  is  the  expectation  of  the 
Council,  and  the  implied  provision  of  the  rules,  tliat  when  a 
person  by  reason  of  age  or  experience  has  become  capable  of 
passing  from  the  lower  grade  to  the  higher  that  he  should  take 
steps  to  secure  this  result. 

The  Council  would  report  for  record  in  its  Transactions  the 
following  lists  of  deaths  since  the  publication  of  its  annual 
report  in  December,  1897:  G.  J.  Maillefert,  December  9,  1897; 
B.  K  Field,  January  13 ;  W.  E.  Stearns,  May  6 ;  Charles  E. 
Emery,  June  1 ;  Edwin  H.  Bennett,  June  27 ;  Joel  Sharp,  July 
28 ;  J.  J.  Schoenleber,  August  4 ;  W.  H.  Inslee,  July  24 ;  Henri 
Adolph  E.  Schneider,  May  17  ;  John  C.  O'Connell,  July  12 ; 
Joseph  C.  Piatt,  July  7;  E.  F.  Hemenway,  October;  H.  B. 
Miller,  October ;  Joshua  Rose,  November  15,  1898. 

The  Council  would  report  the  following  summary  of  the  mem- 
bership of  the  Society  at  the  Annual  Meeting  of  1898.  The  list 
contains  those  w^ho  have  been  elected  preceding  this  meeting, 
and  excludes  those  who  by  prolonged  failure  to  pay  the  dues  of 
the  Society  have  allowed  their  membership  to  lapse  under  the 
provisions  of  the  Bules  : 

Honorary  members 15 

Members 1,381 

Associates 118 

Junior  members 347 

Total 1,£61 

The  Council  would  also  present  the  report  of  its  tellers  ap- 
pointed to  count  the  ballots  cast  for  membership  in  the  Society 
at  the  Annual  Meeting. 

REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  comuiittee  of  the  Council 
to  act  as  tellers,  under  Article  14  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed 
for  membership  in  their  several  grades  in  the  American  Society 
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of    Mocrliaiiical    Engiiioors,    and    sooking    oloction    before    the 
XXXYMltli  Meeting,  New  York,  1«98. 

TIk^V  lijive  met  ui)()n  the  desi^j^nated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  the  discharge  of  their  duty. 
^I'hey  woukl  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons  whose  names 
appear  on  the  a2)})ended  list,  in  their  several  grades. 

There  were  471  votes  cast  on  tlie  pink  hallot,  of  which 
10  were  thrown  out  because  of  informalities.  The  tellers  have 
cousidennl  a  ballot  as  informal  which  was  not  indorsed  with  an 
autographic  signature,  or  where  the  indorsement  was  made  by  a 
facsimile  or  other  stamp. 

Chas.  H.  Loring, 

h.  h.  suplee, 

Gus.  C.  Henning, 

Geo.  Kichmond. 


Tellers  of  Election, 


Bolton,  R.  P. 
Dawson,  Philip. 
Evans,  Geo.  H. 
Fellows,  Edwin  R. 
Hamilton,  James. 
Hewlings,  Andrew  J. 
Johnson,  Frederic  A. 
Johnson,  Wallace  C. 
Locke,  VVm. 
McGuire,  Jno.  P. 

Bacon,  Geo.  W. 
Cushman,  Herbert  E. 


As  Members. 

Pierce,  Edward  L. 
Poore,  J.  B. 
Robinson,  Jno.  C. 
Root,  Orlando  J. 
Saunders,  Augustus  M. 
Snow,  Walter  B. 
Stephens,  Geo. 
Tejada,  Juan  de  D. 
Warner,  Adana  D. 
Wilkin,  Jno.  T. 

As  Associates. 

Smith,  Louis  !>. 
Tompkins,  Saml.  D. 


Promotion  to  Full  Membership. 


Bonner,  Wm.  T. 

Finley,  A.  D. 
Hall,  Robt.  E. 
HoUowav,  Carl  S. 
Miller,  Robt.  S. 
Morrison,  H.  H. 
Patton,  John  H. 


Van  Derhoef,  Geo.  N. 

As  Junior  Members. 

Schaake,  William. 
Schreuder,  Andrew  M. 
Villere,  St.  Denis,  J. 
Walker,  Fredk.  W. 
White,  Harry  C. 
^^'ood,  Arthur  .T. 


Richmond,  Harold  A. 

At  the  close  of  the  report  of  the  Council,  the  second  order  of 
business  was  the  Report  of  the  Finance  Committee,  which  was 
as  follows : 
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ANNUAL   REPORT   OF   THE   FINANCE    COMMITTEE    OF   THE   AMERICAN 
SOCIETY   OF   MECHANICAL   ENGINEERS,    1897-1898. 

For  the  fiscal  year,  1897-8,  the  Finance  Committee  of  the 
American  Society  of  Mechanical  Engineers  would  respectfully 
report  to  the  Council  and  the  Society  the  following  statements 
of  receipts  and  expenditures  which  have  passed  under  their 
direction  on  behalf  of  the  Society  during  the  year  beginning 
November  15,  1897,  and  ending  November  15,  1898. 

Secretary's  Balance  Sheet  for  the  fiscal  year  ending  November  15,  1898  : 


Dr. 


To  receipts  for  tbe  year $33,406  87 


Cr. 


By  Cash  to  Treasurer $32,406  87 


Itemized  statement  of  receipts  and  expenditures  of  the  Society  for  fiscal  year 

1897-1898  : 

Receipts.  Disbursements. 


Dr. 

Initiation  Fee $2,585 

Current  Dues 22,351 

Past  Dues 1,100 

Advance  Dues 186 

Sales  of  Publications 1,122 

Binding .  26 

Engraving    152 

Life  Membership  (cash) 784 

Interest  on  Investment 1,180 


Office  Expenses 

Mail  and  Express 

Badges 

Hall  Rentals 

Room     "       

Insurance 

Certificates 

Library  

Traveling 

Rent,  Interest  and  Taxes.  . . . 

Lighting 

House  Supplies  and  Furniture 
Janitorial  Supplies 


10 

1 

577 

591 

1,035 

10 

2 

55 
11 

2 
14 


00 
54 
78 
17 
22 
75 
49 
97 
00 
38 
13 
50 
00 
81 
86 
00 
00 
70 
02 
50 
15 
90 


Total  Receipts $32,406  87 

Cash  on  hand  first  of  year ...  47  60 


Total 832,454  47 


Cash  on  hand,  forward $698  65 


€r. 

Reprints  and  Publications. . .  $8,863  28 

Postage  and  Express   1,787  10 

Salaries 7,3G5  00 

Office  Expenses 308  98 

Engraving 834  29 

Contingencies  (profit  and  loss)  15  25 

Binding  Transactions 1,667  05 

Meetings 798  47 

Work  of  Committees 464  18 

Badges  and  Certificates 587  66 

Traveling 126  35 

Insurance  and  Safety  Deposit  40  00 
Rent,  Interest,  and  Taxes  . . .  4,509  35 
Printing,      Circulars,      Cata- 
logues, Office  Forms,  etc.  .  1,599  00 

Stationery  Supplies 365  34 

House  Supplies  and  Furniture  656  07 
Library  (book  purchase  and 

binding) 178  85 

Janitorial  Supplies 131  40 

Fuel 198  25 

Lighting    (gas    and     electric 

light) 372  14 

Laundry 200  00 

Repairs  to  House  Furniture, 

etc 672  21 

Dues  (repayment  to  a   mem- 
ber)    15  00 

Total  Disbursements $31,755  82 

Cash  on  hand  to  balance 698  65 


Total , $32,454  47 
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Oi'  i\n)  issiKi  of  bonds,  in  LSDO,  of  tlio  Moclruiical  Engineers' 
Librjiry  Associjition,  wliicli  jiniountod  to  $li'2,()()(),  the  Council  of 
the  Society,  as  Trustt^es,  hekl  Novenilu!!-  15tli,  I8i)7,  Jit  the  time 
of  the  last  report  of  the  Finjinee  Conmiitteo,  $28,400,  ;uid  during 
the  year  189/-18,  the  Council  lias  acquired  $200  additional 
bonds  in  ])aynient  for  a  Life  Membership,  thus  making  $28,600, 
so  held  by  tlie  Council  at  this  date,  and  leaving  $8,400  of  said 
bonds  still  outstanding  in  ihi)  hands  of  the  members. 

At  the  time  of  this  report  there  remains  outstanding  uncol- 
lected accounts  due  the  society  at  the  end  of  the  year  1897-98 
as  follows  : 


171  members  (less  tlian  9  per  cent,  of  the  entire  membership)  owe  for 

dues,  publicatious,  etc |4,o68  98 

9  men  owe  for  room  rent,  all  recent  accounts 55  00 

1  society  owes  for  Hall  rent,       "             "         25  00 

8  non-members  owe  for  publications  purchased 31  60 

2  "         "         "       "    electros  furnished  them 5  65 

Total  uncollected $4,486  23 


Of  the  171  members  who  owe  $4,368.98,  98  men  owe  for  dues 
of  the  year  1897-98  only,  33  owe  dues  for  two  years,  one  man 
owes  for  a  badge,  and  the  balance  39  men  owe  for  over  three 
years'  dues. 

Out  of  the  171  delinquents,  62  men  have  had  personal  letters 
written  them,  and  circular  letters  have  been  sent  the  rest  and 
replies  have  been  received  from  56  saying  they  would  remit  by  a 
fixed  date,  or  shortly,  or  else  for  valid  reasons  asking  for  an  ex- 
tension of  time  to  meet  their  indebtedness,  which  has  been 
granted. 

This  leaves  only  115  men  out  of  a  membership  of  1,844  who 
have  failed  either  to  pay  their  dues  or  to  write  us  in  respect  to 
meetins;  the  account  a^jainst  them. 

The  Finance  Committee  takes  pleasure  in  rej)orting  that  the 
outstanding  indebtedness  of  $3,200.60,  which  the  Society  owed 
at  the  time  of  the  last  report  has  been  entirely  wiped  out  during 
the  year  just  closed,  and  further,  that  all  the  bills  of  the  year 
1897-98  have  been  paid  in  full  with  the  exception  of  $485  due 
the  printer  of  the  Transactions,  wdth  whom  wo  have  a  running 
account,  and  which  sum  is  more  than  covered  by  the  cash  balance 
on  hand  of  $698.65  reported  above. 
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ASSETS    AND    LIABILITIES. 

At  tlx'  end  of  the  year   1897-9S. 

Exclusive  of  such  property  as  pamphlet  copies  of  the  papers, 
office  furniture,  etc.,  which  is  also  owned  by  the  Society. 

Assets. 

Bonds  of  the  M.  E.  L.  A.  held  by  tlie  Council  as  Trustees $23,000  00 

Stock  of  bound  and  paper  copies  of  the  Society's  Trnnsactions,  Vols. 
1-XVIII,  inclusive,  on  hand,  estimating  bound  volumes  at  $6.00 
each  and  paper  bound  at  $5.00  each,  the  lowest  i)rices  at  which 
they  are  ever  sold 24,107  00 

Outstanding  indebtedness  due  the  Society  as  itemized  above,  $4,486.23 

estimating  75  per  cent,  as  collectible,  which  is  a  safe  estimate       3,364  67 

Cash  on  hand  and  in  Bank  as  repotted  above 698  65 

Total  Assets $51,770  32 

Liabilities. 

Bill  owed  printer  of  Transactions,  as  explained  above 485  00 

Excess  Assets  over  Liabilities $51,285  32 

The  above  statement  of  assets,  moreover,  does  not  cover  the 
stereotype  plates  of  the  volumes  of  Transactions,  nor  the  electro- 
types of  the  cuts  used  in  illustrating  them.  It  covers  only  assets 
which  are  convertible  under  favorable  conditions  into  cash.  Nor 
does  it  include  office  furniture  and  fixtures  in  use. 


MECHANICAL    ENGINEERS'   LIBRARY   ASSOC LITION. 

COPY   OF    THE   ANNUAL   EEPORT   OF   THE   TRUSTEES   OF   THE    MECHANI- 
CAL  EXGINEERS'    LIBRARY   ASSOCIATION,    1897-1898. 

The  summary  of  receipts  and  disbursements  of  the  Trustees 
from  November  i  6,  1897,  to  November  15,  1898,  is  appended. 

Secretary's  Balance  Sheet  year  1897-1898  : 

Dr.  tJr. 

To  balance  on  hand  first  of  year.  .$2  62        By  expenditures  as. 

.  itemized  below $3,977  41 

To  receipts  as  itemized  below... 5, 168  88  "  cash  on  hand 1,194  09 


$5,171  50 
To  cash  on  hand ,  .$1,194  09 


$5,171  50 
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Itemized    Stiitrinciit  ol    Ucct-ipts  and   J^xpijiiditures    ol"   tlic    Association    for 
Klsciil  Year  181)7-1H»8  : 


Dr. 

Receipts,  fcllowshii)  riiiid...   $184  00 

"  sinkiui^  fund 420  50 

"  insinjinc*'  (rofund).  .        10  18 

ollicc  rent  4,500  0;} 

-iitofSirBcn.  Baker       48  20 

Total  i(;c('i])ts  for  year...  .$5,168  88 
Cash  on  hand  first  of  year 2  62 


|5,17l  50 


Cash  on  hand  first  of  year 

1898-1899 $1,194  09 


Cr. 

Inlcrost  on  mortgage $1,402  50 

"       "  bonds 1,600  00 

Salaries 780  00 

Insurance  and  safe  deposit  ...        10  66 

Contingencies 50 

E(liiipni<-'nt  (furniture,  etc.)...        12  75 
Library  and  book  purchase  .  . .      171  00 

Total  expenditures $3,977  41 

Cash  on  hand  to  balance 1,194  09 

$5.17r60 


All  money  due  the  Association  at  the  end  of  this  year  has 
been  paid,  and  all  outstanding  accounts  against  it  are  paid  to 
date  of  this  report.  The  accumulated  cash  balance  is  held  in 
reserve  to  meet  the  interest  charge  on  mortgages  falling  due 
January  1,  1899. 

Assets  and  Liabilities. 

Assets. 

Cash  on  hand  as  above $1,194  09 

House  and  lot,  12  W.  Thirty-first  street,  New  York  City.  65,000  00 

Furniture  and  equipment 5,000  00 

Books  and  manuscripts 10,700  00 


Total  assets. 


,894  09— $81,894  09 


Liabilities. 

First  mortgage  held  by  N.  Y.  A.  of  M $33,000  00 

Second  mortgage  bonds  held  by  members  of  A.  S.  M.  E.       8,400  00 
Second  mortgage  bonds  held  by  council  of  A.  S.  M.E.  as 

an  investment 23,600  00 


Total  liabilities $65,000  00— $65,000  00 


Excess  of  assets  over  liabilities $16,894  09 

These  reports  called  for  no  action  and  were  ordered  printed  as 
part  of  the  record  of  the  meeting. 

The  Secretar}^  presented  to  the  meeting  the  amendment  to  the 
Rules,  of  which  due  notice  had  been  given  as  required,  at  Niagara 
Falls.     The  proposed  amendments  were  as  follows  : 
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Article  10  is  to  be  supplemented  by  the  addition  at  its  close  of  the  following  : 
"  Application  for  meniborship  from  engineers  who  are  not  resident  in  North 
America,  and  who  may  be  so  situated  as  not  to  be  personally  known  to  five  mem- 
bers of  the  Society,  as  required  in  the  foregoing  paragrapli,  may  be  recomniend(;d 
for  ballot  by  five  members  of  the  Council,  after  sufficient  evidence  has  been 
secured  which  shall  show  that  in  their  opinion  the  applicant  is  worthy  of  admis- 
sion to  the  grade  which  he  seeks." 

And  the  sentence  in  that  same  article  which  now  reads,  "He  must  refer  to 
at  least  five  members  or  associates,  personally  known  to  him,"  is  to  be  changed 
s6  as  to  read,  "He  must  refer  to  at  least  five  members  or  associates  to  whom 
he  is  personally  known."  The  final  sentence  of  the  present  article  is  to  be 
similarly  changed,  and  the  words  "  personally  known  to  him"  are  to  be  changed 
to  "  to  whom  he  is  personally  known." 

After  some  discussion  looking  to  more  careful  limitations  of  the 
territory  to  be  included  in  that  part  of  the  amendment  affecting 
members  not  resident  of  the  United  States,  the  amendment  pro- 
posed was  amended,  on  motion  of  Mr.  Jesse  M.  Smith,  by  substi- 
tuting for  the  words  "  North  America,''  the  words,  "  United  States 
and  Canada."  This  proposed  amendment  having  been  passed, 
the  motion  came  up  on  the  amendment  as  amended,  and  was  car- 
ried. The  second  amendment  was  then  presented,  involving  the 
verbal  change  in  Article  10,  and  on  motion  was  carried. 

The  reports  from  professional  committees  being  then  in  order, 
the  reporter  for  the  Society's  Committee  on  Uniform  Methods  of 
Testing  Materials,  Mr.  Gus.  C.  Henning,  presented  its  report,  as 
follows  : 

Mr.  Gustavus  0.  Henning. — In  the  first  place,  as  announced  in 
the  Report  of  the  Council,  I  should  like  to  state  that  the  American 
Society  of  Mechanical  Engineers  has  now  assumed  membership  in 
the  International  Association  for  Testing  Materials.  I  would  like 
also  to  preface  this  report  by  the  statement  that  it  is  mainly  due 
to  the  active  interest  taken  by  the  American  Society  of  Mechanical 
Engineers  that  the  International  Association  for  Testing  Materials 
has  now  taken  a  firm  root  in  the  United  States  ;  that  an  American 
section  has  been  formed,  and  that,  as  was  to  be  expected,  all 
those  specially  interested  in  testing  materials — college  professors 
and  others — have  actually  taken  part  and  assumed  membership, 
as  well  as  some  of  our  largest  steel  works,  such  as  the  Bethlehem 
Iron  Works,  the  Carnegie  Iron  and  Steel  AVorks,  and  the  Penn- 
sylvania Steel  Company  ;  and  we  understand  that  at  a  very  early 
date  some  other  large  steel  works  will  also  join.  The  work  of  the 
Association,  as  I  have  explained  before,  is  entirely  of  a  practical 
character.     There  are  no  abstruse  questions  involved.     The  work 
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to  1)0  (loiHi  is  stri(!tly  in  coiifoniiity  with  the  work  of  the  engineer 
iind  i\w  reljition  between  the  engineer  and  th(^  manufacturer,  in 
order  to  facilitate  means  and  metliods  for  obtainin*^  such  mate- 
rials with  certainty  as  are  required  and  as  can  be  furnished  by 
the  manufacturers,  under  the  varying  conditions  existing  in  vari- 
ous countries  or  in  different  ])arts  of  the  same  country.  I  would 
like  to  emphasize  this,  because  it  has  been  mentioned  by  several 
who  are  not  well  posted  that  an  association  of  this  sort  can  lead 
to  no  practical  results  because  it  is  com})osed  of  theorists.  I 
would  like  to  say  now  that  the  membership  of  the  American  sec- 
tion is  composed,  in  the  large  majority,  of  manufacturers  and  men 
in  business  who  have  no  interest  in  the  abstruse  investigations  of 
the  scientist  pure  and  simple,  but  that  the  various  manufacturers 
have  come  together  to  explain  the  possibilities  of  their  processes 
and  business  methods,  so  as  to  let  the  engineers  understand  fully 
what  can  be  expected  of  them  ;  and  then,  through  the  action  and 
the  discussions  of  this  American  section,  there  will  be  a  small 
variety  of  specifications  and  contract  requirements  s6  as  to  lead 
to  economies  and  better  understanding,  facilitating  the  execution 
of  contracts  in  every  case  where  manufactured  materials  are  used. 
On  behalf  of  the  Committee,  I  desire  to  present  the  following : 
Mr.  Keep  has  constructed  three  autograph  recording  ma- 
chines, to  be  used  in  connection  with  the  work  of  the  Committee : 

1.  An  autograph  recording  transverse  testing  machine. 

2.  An  autograph  recording  drill  press  for  hardness  determin- 
ations. 

3.  An  autograph  recording  impact  machine,  having  capacity 
up  to  1  by  24-inch  bars. 

Tool  steel  bars  of  the  following  dimensions  have  been  prepared 
to  be  tested  by  the  latter :  6,  12,  and  24-inch  lengths  ;  -J  inch 
square ;  ^  by  1  inch  ;  f  inch  square,  and  1  inch  square  ;  the  ^  by 
1-inch  bars  to  be  tested  flat  and  on  edge. 

The  hammers  for  this  machine  are  of  25,  50,  75,  and  100  pounds 
weight. 

For  lack  of  time,  the  cooling  curves  and  temperature  determin- 
ation have  not  yet  been  made,  but  these  and  Mr.  Keep's  new 
work  will  probably  be  presented  at  the  next  meeting."^ 

Gus.  C.  Henning, 
Recorder  for  the  Committee. 

*  I  would,  say,  however,  that  Svedelius,  a  Swedish  engineer,  has  investigated 
this  same  subject  with  use  of  the  Le  Chatelier  pyrometer,  using  bars  four  inches 
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The  second  committee  report  was  that  on  a  Revision  of  the 
Code  for  Conducting  Boiler  Tests,  wliich  was  presented  on  belialf 
of  the  Committee  by  Mr.  Wm.  Kent.  Dr.  Charles  E.  Emery,  who 
had  been  acting  as  Chairman  of  the  Committee,  had  passed  away 
since  the  last  meeting  of  the  Society. 

Mr.  Kent. — The  Committee  presents  the  results  of  its  labors  in 
this  pamphlet,  copies  of  w^hich  have  been  distributed.  At  the 
annual  meeting  a  year  ago  the  Committee  presented  what  was 
called  the  preliminary  draft  of  the  report,  for  the  purpose  of 
receiving  criticisms.  That  preliminary  draft  was  discussed  in  two 
meetings  of  the  Society,  and  several  written  communications  were 
sent  in,  and  the  discussion  was  printed  for  the  benefit  of  the 
Committee.  All  the  criticisms  were  carefully  considered,  and  the 
result  is  this  pamphlet  before  you,  which  is  still  subject  to  such 
'revision  as  may  be  undertaken  by  the  Committee  before  the  date 
when  it  has  to  be  handed  in  for  insertion  in  the  volume  of  the 
Transactions,  There  are  some  blanks  left  in  the  appendix,  which 
will  be  filled  in  in  the  final  pamphlet,  and  there  are  some  portions 
of  the  printed  discussion  of  last  year  that  may  be  included  in  this 
appendix.  Many  of  the  points  in  the  discussion  of  last  year 
referred  to  matters  which  were  in  the  preliminary  draft  of  the 
report,  and  which  are  not  in  the  present  draft.  That  is,  the 
criticisms  were  considered  sound,  and  the  objectionable  parts  of 
the  preliminary  draft  were  stricken  out.  So  there  will  be  no 
necessity  of  publishing  these  criticisms,  since  the  thing  criticised 
has  disappeared.  But  other  parts  of  the  discussion,  in  w^iich 
useful  information  has  been  given,  may  be  put  in  the  appendix. 

Mr.  RockiDood. — As  I  had  not  seen  this  paper  before,  and  I 
assume  that  most  of  the  other  members  have  not,  1  move  that 
this  be  not  considered  until  the  next  semi-annnal  meeting,  for 
action. 

Mr.  Jesse  M,  Smith. — I  do  not  quite  see  the  necessity  of  having 
a  standard  method  and  an  alternate  method  of  conducting  boiler 


long.  He  used  the  Fagersta  steel,  and  found  the  very  same  behavior  and  the 
same  cooling  curves  that  we  found  in  cast  iron,  only  modified  as  affected  by  the 
composition  of  the  materials.  He  has  also  identified  the  peculiar  points  in  the 
cooling  curves,  with  the  points  of  recalescence,  as  determined  by  Osmond  and  a 
great  many  other  investigators.  So  I  think  that  when  we  finish  our  cast-iron 
investigation  in  the  same  direction,  that  we  will  then  have  a  complete  series  of 
the  changes  that  occur  in  bars  of  iron,  using  the  word  "  iron  ''  as  a  generic  term, 
and  at  the  some  time  determining  the  cause  of  such  peculiarities. 
2 
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tests.  It  sooins  to  mo  tlioro  ou^lit  to  ])o  one  or  the  other,  with 
certain  qualilications  wliere  special  boilers  or  furnaces  are  being 
tested.  I  have  just  had  a  discussion  with  some  parties  about 
wliether  a  boiler  test  shall  be  mad(5  by  the  standard  method  or 
by  th(^  alternate  method.  It  seems  to  me  that  the  standard 
method,  where  the  fire  is  withdrawn  entirely  from  the  furnace 
just  before  beginning  the  (est,  and  again  withdrawn  at  the  end  of 
the  test,  is  one  which  is  not  to  be  recommended.  It  seems  to  me 
that  the  "  running  test,"  or  that  which  is  known  as  the  alternate 
method,  is  the  better  of  the  two,  and  it  also  seems  to  be  the  con- 
clusion of  the  committee,  judging  from  the  foot-note  applied  to 
Section  8  ;  or  at  least  a  great  many  engineers  consider  that  the 
'^  running  test  "  is  the  more  reliable  of  the  two. 

Another  point  in  regard  to  paragraph  15,  ''  Treatment  of  Ashes 
and  Kefuse."  *'  The  ashes  and  refuse  are  to  be  weighed  in  a 
dry  state."  I  think  "  ashes  and  refuse  "  should  be  defined  more 
exactly.  Certainly  in  a  great  many  furnaces,  and  particularly 
mechanical  stokers,  there  is  a  great  deal  of  fuel  that  goes  directly 
through  the  grates  without  hardly  being  charred.  What  is  to  be 
done  with  that  fuel  ? 

Mr.  Kent. — The  Committee  will  be  glad  to  receive  any  sugges- 
tions from  any  members  in  regard  to  any  further  amendments 
that  may  be  made  of  this  report,  and  we  will  take  it  into  consid- 
eration, and  if  the  Committee  agree  to  make  the  amendments, 
then  they  will  make  them  and  submit  the  final  })amphlet  for  pub- 
lication in  the  Transactions. 

The  Secretarij. — At  the  spring  meeting  ? 

Mr.  Kent. — It  is  now  listed  for  Volume  XX.  We  want  to  keep 
it  open  as  long  as  it  is  convenient  to  you — that  is  all. 

In  regard  to  the  particular  case  mentioned  by  Mr.  Smith,  I 
would  say  that  we  have  carefully  considered  all  the  arguments  in 
regard  to  the  standard  and  the  alternate  code.  I  would  call  his 
attention  to  the  foot-note  on  page  8  :  "  Many  engineers  prefer 
the  alternate  to  standard  method  on  account  of  its  being  less 
liable  to  error  dae  to  cooling  of  the  boiler  at  the  beginning  and 
end  of  a  test."  By  putting  both  methods  in  the  code,  any 
engineer  is  at  liberty  to  choose  the  one  he  likes  best,  or  insert  it 
in  his  contract.  In  regard  to  the  treatment  of  ashes  and  refuse, 
it  is  generally  understood  that  "  ashes  and  refuse  "  is  what  is 
withdrawn  from  the  boiler  furnace.  The  ash  all  contains  some 
coal,    and   the   coal   partially   burned    contains    some    ash,    and 
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the  tliiug  needs  no  other  definition.  If  any  one  wishes  a  finer 
distinction,  he  can  make  it  in  his  own  professional  work.  We  do 
not  think  that  paragraph  should  be  changed.  At  the  same  time 
we  are  ready  to  receive  any  suggestions  for  change. 

I  would  say  that  the  amount  of  labor  spent  on  this  report  has 
been  enormous.  Before  Dr.  Emery  died,  he  spent  several  days 
going  over  every  criticism  and  suggestion.  Mr.  Barrus  and  Dr. 
Emery  and  I  met  together  and  went  over  them,  and  every  sug- 
gestion brought  up  has  been  carefully  considered  and  this  is 
finally  the  result  of  our  combined  efforts,  with  the  written  ap- 
proval of  all  the  members  of  the  Committee  except  two  who  have 
not  objected,  but  they  have  not  yet  signified  their  acceptance. 

Professor  Hvtton. — Mr.  President,  if  I  may  be  allowed  to  make 
a  suggestion  which  you  have  just  made  in  my  ear,  it  is  that  the 
Committee  should  consider  the  same  suggestion  that  was  made 
at  Niagara  Falls  in  respect  to  the  standard  method  of  testing 
engines — that  there  should  be  incorporated  into  the  report  a 
series  of  blanks,  in  a  convenient  pocketbook  form,  which  could  be 
disposed  of  by  the  Society  on  demand  for  a  limited  price  to  those 
who  would  like  to  use  them.  I  think  it  has  hindered,  to  some 
extent,  the  convenient  use  of  our  code  that  the  only  way  in  which 
our  standard  blanks  could  be  secured  was  by  buying  a  whole 
copy  of  the  report  for  which  many  of  the  engineers  did  not  care. 
It  involved  transcribing  of  headings,  etc.  in  making  the  report. 

The  further  suggestion  of  the  President  and  one  which  I  would 
like  to  commend  in  his  name  to  the  Society,  is  that  the  report 
should  be  made  with  blanks  convenient  for  the  metric  system 
units  as  well  as  the  American  units.  This  suggestion  also  comes 
to  us  from  Enghsh  and  continental  sources — that  our  report  would 
be  international  if  we  make  that  slight  addition  to  it.  Thev  are 
ready  to  make  use  of  it  in  Germany  and  France  if  that  addition 
is  made. 

The  Secretary  in  his  own  name  would  reply  to  the  suggestion 
of  Mr.  Kent,  that  Volume  XX.  of  the  Transactions  includes  the 
Transactions  of  this  meeting  and  the  Transactions  of  the  spring 
meeting.  In  that  view  it  might  be  possible  to  carry  out  the  sug- 
gestion made  by  Mr.  Rockwood  that  the  consideration  of  this 
report  and  the  action  upon  it  should  be  made  an  order  of  busi- 
ness at  the  approaching  spring  meeting.  It  would  then  come 
into  the  Transactions  of  this  volume,  and  under  that  we  need  not 
decide  on  the  action  just  now. 
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Mr.  Kent. — Thoro  is  no  ()])jccti()n  to  that  at  all. 

It  was  therefore  understood  that  copies  of  the  revised  report 
of  the  Committee  would  be  distributed  in  advance  of  the  spring 
meeting  of  the  Society,  with  a  view  to  action  upon  the  report  at 
that  meeting,  if  final  agreement  could  be  secured. 

The  next  rc^port  was  one  of  progress  on  behalf  of  the  Commit- 
tee appointed  at  the  Niagara  Falls  meeting  to  prepare  and  sub- 
mit a  code  for  the  uniform  testing  of  engines. 

Professor  Jacobus,  as  Secretary  of  the  Committee,  then  made  a 
verbal  report  of  the  work  to  be  undertaken  and  of  the  points  dis- 
cussed at  the  first  meeting  of  the  Committee.  He  stated  that  the 
Committee  had  taken  no  action  and  would  not  do  so  before  com- 
municating wdtli  the  foreign  representative,  Mr.  Bryan  Donkin. 
This  being  the  case  the  Committee  thought  it  best  not  to  publish 
the  verbal  report  at  this  point,  but  to  withhold  all  matter  until  a 
preliminary  report  could  be  agreed  on  by  the  Committee  and  pre- 
sented to  the  Society  for  discussion. 

i/r.  H.  H.  Suplee. — 1  should  like  to  ask  if  this  report  is  intended 
to  be  used  in  conjunction  with  the  work  of  the  Thermal  Efficiency 
Committee  of  the  Institution  of  Civil  Engineers,  or  is  it  entirely 
independent  of  it  ?  They  are  working  hard  on  this  subject,  and  I 
believe  Mr.  Donkin  is  a  member  of  that  committee  also.  I  think 
it  was  suggested  at  Niagara  Falls  that  possibly  this  should  be 
made  an  international  matter.  I  would  like  to  ask  if  anything 
has  been  done  toward  uniting  the  work  of  these  two  committees 
so  that  their  reports  will  harmonize,  or  whether  they  are  working 
entirely  independent  of  each  other. 

It  was  finally  suggested  by  Mr,  Jesse  M.  Smith,  that  the  text 
of  the  preliminary  report  should  be  distributed  in  advance  of  the 
spring  meeting  to  all  members,  that  they  might  have  an  opportu- 
nity of  making  suggestions  to  the  Committee  before  the  Commit- 
tee took  final  action  in  making  recommendations. 

The  President  then  called  for  the  report  of  the  Tellers  of  Elec- 
tion who  had  been  appointed  to  count  the  letter  baUots  cast  for 
officers  of  the  Society. 

The  report  of  the  Tellers  was  as  follows  : 

REPORT   OF  TELLERS   OF   ELECTION   FOR   OFFICERS. 

Your  committee  appointed  to  count  ballots  cast  for  officers  of 
the  American  Society  of  Mechanical  Engineers  for  the  year  1898-9 
begs  to  submit  the  foUow^ing  report : 
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Total  ballots  cast   5(i4 

Ballots  thrown  out  on  account  of  irregularities 32 

Total  votes  counted 532 

of  this  latter  number, 

530  votes  were  cast  for  George  W.  Melville  for  President. 


2 

"     "    S.  T.  AV  ell  man 

( <           (1 

532 

"     "    Wm.  II.  Wiley 

"  Treasurer.    - 

532 

"     "    E.  D.  Meier 

"  Vice-President. 

529 

"     "    George  R.  Stetson 

t  t     (I           {( 

533 

"     "    B.  H.  Warren 

<  <           H                       (  < 

529 

"     "    Edgar  C.  Felton 

"  Manager, 

534 

"     "    R.  H.  Soule 

(<           << 

531 

"     "   A.  M.  Goodale 

((          (< 

Respectfully  submitted, 

Wm.  J.  Bonner,  )  ^  ,;        jy  tp?    .- 

„  ^  y  leUers  of  Medion. 

John  H.  Barr,    ) 

The  Pi'esident. — If  the  chair  hears  no  objection  to  this  report 
I  will  officially  declare  the  candidates  named  in  the  report  elected 
to  their  respective  offices  in  the  Society,  their  duties  to  begin, 
under  the  constitution,  with  the  adjournment  of  the  present  con- 
vention. I  will  appoint  an  escort  committee,  consisting  of  ex- 
President  Warner  and  ex-President  Billings  to  conduct  the  Presi- 
dent-elect to  the  platform. 

Messrs.  Warner  and  Billings  escorted  George  W.  Melville, 
President-elect  to  the  platform,  and  presented  him  to  the  Presi- 
dent in  the  chair. 

The  President. — I  have  the  pleasure  of  presenting  to  the 
American  Society  of  Mechanical  Engineers,  its  President-elect, 
George  W.  Melville,  Engineer-in-Chief  of  the  United  States  Navy. 

Mr.  Melville,  on  receiving  the  handshake  of  the  President, 
turned  to  the  Society,  and  thanked  them  in  the  following  terms  : 

"  Mr.  President  and  fellow  engineers  : — The  announcement  that 
has  just  been  made  of  my  election  as  President  of  our  Society 
for  the  coming  year,  notifies  me  of  an  honor  conferred  upon  me 
which  I  appreciate  beyond  all  others  that  have  fallen  to  my  lot. 
You  can  readily  understand,  gentlemen,  that  in  our  Naval  En- 
gineer Corps  seniority  or  accident  may  sometimes  effect  the  choice 
of  the  Engineer-in-Chief,  but  the  position  of  President  of  our 
Society  is  one  of  which  any  man  may  well  be  proud,  because  it 
comes  only  as  the  result  of  your  free  choice.     When  I  think  of 
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the  liigli  order  of  talent  of  all  our  members,  and  of  the  great  num- 
ber of  men  of  the  highest  professional  eminence  on  whom  your 
choice  nii<;ht  have  fallen,  many  of  whom  would  doubtless  fill  the 
chair  with  greater  efficiency  than  I  can  hope  for,  the  honor  you 
have  done  nie  seems  all  the  greater,  and  I  trust  you  will  under- 
stand how  thoroughly  I  appreciate  it.  In  accepting  the  office, 
therefore,  I  beg  you  to  believe  that  it  will  be  a  pleasure,  as  well 
as  a  duty,  to  do  all  in  my  power  to  prove  worthy  of  your  choice, 
and  I  shall  devote  myself  in  every  way  to  the  advancement  of  the 
interests  of  our  Society." 

Messrs.  Henning  and  Ashworth,  on  behalf  of  the  membershij), 
spoke  in  fitting  terms  of  the  achievements  of  the  President,  and 
of  the  mutual  honor  that  was  conferred  by  the  choice  of  their 
chief  executive.  •     ' 

The  President  then  announced  that  new  business  was  in  order. 

Mr.  Kent  rose,  and  made  the  suggestion  that  the  Eules  of  the 
Society,  with  respect  to  the  appointment  of  the  Publication  Com- 
mittee and  which  state  its  duties,  should  be  revised  by  the  Coun- 
cil. His  suggestion  was  that  it  should  be  referred  to  the  Council 
to  consider  these  Rules,  and  whether  the  Publication  Committee 
should  not  consist  of  seven  members  instead  of  five,  and  that  Ar- 
ticle 29  should  be  amended  by  adding  a  clause  to  the  effect  that 
no  paper  shall  be  accepted  for  final  publication  in  the  volume  of 
Transactions  until  It  has  been  a])proved  in  writing  as  being 
worthy  of  a  |3ermanent  place  in  the  Transactions,  by  three  mem- 
bers of  the  Committee,  the  Secretary  not  to  be  included  in  those 
three.  Mr.  Kent's  desire  was  that  by  such  amendment,  at  least 
three  members  of  the  seven  should  have  every  paper  prominently 
brought  before  them  before  it  is  accepted  for  final  publication. 
He  hoped  that  in  this  way  the  Transactions  might  be  purged  of 
what  he  considered  bad  engineering  literature,  such  as  is  some- 
times presented  in  pamphlet  form  at  the  open  meetings. 

Messrs.  Wiley,  Henning,  Parsons,  and  Pockwood,  spoke  in  ex- 
planation of  the  present  methods  and  policy  of  the  Publication 
Committee. 

On  motion,  the  general  subject  presented  by  Mr.  Kent  was  re- 
ferred to  the  Council. 

The  advisability  of  arranging  for  meetings  of  individual  mem- 
bers of  the  Society  during  the  interval  between  the  annual  meet- 
ing in  the  winter  and  the  spring  meeting  six  months  thereafter, 
was  presented  by  Mr.  Halsey,  as  follows  : 
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Jlr.  F,  A.  liaise]/. — There  is  a  considerable  feeling  in  the 
Society  to  the  effect  that  there  is  quite  a  reservoir  of  talent 
available  to  the  Society  that  is  not  drawn  upon  for  the  benefit  of 
the  T?' ail sact ions,  namely,  the  younger  element  of  the  Societ3\  The 
feeling  is  that,  largely  due  to  timidity,  an  element  able  to  sup- 
ply good  papers  holds  itself  back  and  does  not  do  it,  a  situation 
which  has  been  intensified  through  one  or  two  unfortunate  circum- 
stances— papers  from  this  source  having  been  unduly  "  sat  down 
upon,"  in  several  cases  in  discussion,  and  there  is  quite  a  feeling 
that  something  ought  to  be  done  to  counteract  this  situation  and 
to  encourage  the  writing  of  papers  by  this  element.  The  feeling 
is  that  there  are  a  good  many  of  the  younger  element  who  are 
capable  of  making  good  investigations  and  presenting  them  in 
creditable  form.  One  plan  that  has  been  suggested  is  that  special 
meetings  should  be  held,  to  be  called  Junior  meetings,  to  be  de- 
voted to  these  younger  members  of  the  Society,  the  proceedings 
of  which  should  be  in  their  charge,  and  which  might  or  might 
not  be  incorporated  in  the  Transactions.  I  am  not  prepared  to 
make  a  motion,  but  I  know  that  there  are  others  who  feel  the 
importance  of  the  matter  as  I  have  outlined  it,  and  if  so  disposed 
they  can  present  a  motion. 

On  motion  of  Mr.  Baldwin,  the  subject  of  providing  for  such 
extra  gatherings,  to  be  under  the  management  of  the  Junior  mem- 
bership, if  this  were  possible,  was  referred  to  the  Council  for  it 
to  take  such  action  in  the  matter  as  seemed  desirable. 

There  being  no  other  or  new  business  presented  from  any  of 
the  members,  the  docket  of  professional  papers  was  taken  up,  and 
the  two  papers  on  "  Strength  of  Fly  Wheel  Rims,"  by  Mr.  A.  K. 
Mansfield,  and  on  the  "Bursting  of  Small  Cast  Iron  Fly  Wheels," 
by  Prof.  Chas.  H.  Benjamin,  were  presented  and  read  and  dis- 
cussed. Participantsin  the  debate  were  Messrs.  Jacobus,  Suplee, 
McBride,  Cary,  Frith,  Fritz,  Henning,  Webb,  Jesse  M.  Smith, 
and  Yan  Derhoef. 

The  usual  luncheon  was  served  in  the  lower  room  at  the  con- 
clusion of  the  discussion,  in  order  that  members  might  not  have 
to  leave  the  house  in  the  middle  of  the  day,  but  might  remain  for 
social  and  other  opportunities  during  the  afternoon,  before 
undertaking  matters  of  business  which  it  might  be  their  personal 
desire  to  see  to.  A  committee  of  New  York  members  was  on  duty 
to  see  that  members  were  introduced  to  each  other.  In  the  later 
afternoon,  by   arrangements  perfected  through  Mr.  J.  W.  Lieb, 
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Gon.  Maiiapjcr,  ilio  inc-inlxiis  were  welcomed  at  the  Duane  Street 
Edison  Lighting  and  Power  Station. 

In  the  evening  tlio  annual  reception  tendered  by  the  New  York 
members  to  their  guests  was  held  in  the  new  ballroom  and  ante- 
rooms at  Sln^rry's,  Forty-fourth  Street  and  Fifth  Ave.  The 
President,  ^Fr.  C.  W.  Hunt,  with  his  wife,  received  the  members, 
and  after  the  Officers'  Eeception,  su])per,  dancing,  and  other 
social  pleasures  completed  the  evening. 

Third  Session.     I^'uiday  Morning,  December  1st. 

This  session  was  devoted  to  professional  ])apers.  Those  allotted 
were,  "  Theory  of  the  Moment  of  Inertia,"  by  Prof.  C.  V.  Kerr  ; 
on  "  Certain  Improvements  in  Steam  Boilers,"  by  Mr.  W.  B. 
Le  Yan  ;  on  the  "  Generation  and  Utilization  of  Steam  by  the 
Lykens  Yalley  Coal  Company,"  by  K.  Yan  A.  Norris  ;  on  the 
"  Yalve  Gear  of  the  Willans  Engine,"  by  John  Svenson  ;  on 
"  Methods  of  Testing  Indicators,"  by  D.  S.  Jacobus ;  on  "  Yaria- 
tion  of  Belt  Tensions  with  Power  Transmitted,"  by  Prof.  AY.  S. 
Aldrich.  The  paper  of  Mr.  J.  H.  Yail  on  "  Cooling  Tower  and 
Condenser  Installation,"  postponed  from  the  previous  session, 
was  also  read  at  this  meeting. 

Participants  in  the  debate  on  the  above  papers  were  Messrs. 
Kent,  Kingsbury,  Bryan,  Dean,  Walworth,  Rockwood,  Allison, 
"Wheeler,  Ashworth,  Suplee,  Snell,  Meyer,  Jesse  M.  Smith,  Hal- 
sey.  Bole,  Bartii,  and  Oberlin  Smith. 

The  Secretary  presented  an  invitation,  on  behalf  of  the  Engin- 
eers' Club,  that  the  members  of  the  Society  should  be  its  guests 
at  an  exhibition  of  lantern  slides  taken  from  photographs  during 
a  hunting  trip  for  large  game  in  South  Africa,  together  with 
other  invitations  and  announcements  of  courtesies  extended  to 
the  meeting. 

After  luncheon  Mr.  B.  C.  Batclieller,  pursuant  to  invitation, 
presented  an  illustrated  description  of  the  pneumatic  tube  system 
in  use  in  New  York  City  for  the  distribution  of  mail  packets  from 
the  General  Post  Office.  The  description  of  his  apparatus  was 
illustrated  wdth  lantern  slides  upon  the  screen,  and  was  listened 
to  with  great  interest. 

At  the  close  of  Mr.  Batcheller's  lecture,  Mr.  K.  W.  Hunt,  on 
request  of  the  President,  made  himself  the  mouthpiece  of  a 
friendly  conspiracy,  whereby  the  friends  of  Mr.  John  Fritz  had 
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secured  from  him  the  haudsome  three-quarter  length  oil  portrait 
of  himself,  which  he  had  been  persuaded  to  present  to  the 
Society,  but  which  it  had  been  his  desire  to  hang  upon  the  walls 
of  the  auditorium  without  formalit3\  The  many  friends  of  Mr. 
Fritz,  'felt,  however,  that  it  was  more  fitting  that  this  pleasant 
event  should  be  a  public  one  also,  so  tliat  the  portrait  had  been 
secured  and  hung  on  the  walls,  properly  veiled.  At  the  conclu- 
sion of  Mr.  Hunt's  genial  remarks  the  veil  was  withdrawn  and  the 
members  had  the  pleasure  of  seeing  how  successful  the  artist  had 
been.  It  was  left  for  the  Council  to  take  formal  action  in  recog- 
nition of  Mr.  Fritz's  gift  to  the  Society-. 

The  members,  at  the  conclusion  of  this  presentation  ceremony, 
adjourned  to  the  car  house  of  the  Metropolitan  Traction  Com- 
pany, where  special  cars  were  assigned  to  the  party  for  their 
transportation  to  the  General  Post  Office.  The  Traction  Com- 
pany added  to  the  courtesy  of  providing  for  the  Society  by  car- 
rying the  party  without  charge  for  fare.  After  the  visit  to  the 
Batcheller  Pneumatic  Tube  System  the  party  broke  up  into  indi- 
vidual groups. 

No  assignment  was  made  for  Thursday  evening  in  any  official 
way,  and  many  members  attended  the  gathering  at  the  Engineers' 
Club  or  amused  themselves  in  their  own  preferred  way. 

Closing  Session.     Friday  Morning,  December  2d. 

The  professional  papers  of  the  morning  were  those  by  Messrs. 
R.  S.  Hale  on  the  "  Calorific  Powder  of  Weathered  Coals " ;  by 
Mr.  W.  H.  Bryan,  on  "  A  Mechanical  Plant  of  a  Modern  Com- 
mercial Building"  ;  and  by  Prof.  E.  C.  Carpenter,  *' Experiments 
on  the  Flow^  of  Steam  Through  Pipes."  Besides  this,  a  paper  by 
Mr.  Chas.  H.  Newcomb,  detailing  tests  on  flow  of  water  through 
hydrants,  w^as  presented  in  manuscript,  with  a  limited  number  of 
its  illustrations. 

The  participants  in  debate  were  Messrs.  Dean,  Kent.  Christie, 
Jesse  M.  Smith,  Geo.  Hill  Bolton,  George  H.  Hill  (by  invitation 
of  a  member),  and  William  Kent. : 

At  the  close  of  the  professional  papers  certain  queries  which 
had  been  submitted  were  presented  for  discussion.  Messrs. 
Woolson,  New^comb,  Suplee  and  Kent  presented  their  views  in 
reply  to  the  query,  "  Does  it  Pay  to  Pickle  Ordinary  Castings  "  ; 
Messrs.  Fickinger,  Souther,  and  Kent   discussed  the  meaning  of 
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tlio  ioriii,  "  Seaniloss  Tiibo '' ;  Messrs.  Jackson,  Kent,  Jesse  M. 
Smith,  and  Halsey  gave  their  views  on  the  question  on  "  On  how 
Small  a  Tool  does  it  Pay  to  Put  an  Individual  Electric  Motor." 
Messrs.  Newcomb,  Cary,  Durfee,  Sanguinetti,  and  iJallett  dis- 
cussed the  subject  of  "  Machine  Shop  Floors."  • 

This  completed  the  regular  order  of  business,  and  at  its  end 
the  •Secretary  asked  that  a  motion  might  be  passed  tendering 
to  the  Metropolitan  Traction  Com})any  the  thanks  of  the  Society 
for  the  courtesies  enjoyed  at  its  hands  on  the  occasion  of  their 
visit  to  the  pneumatic  dispatch  tube  system  on  Thursday  after- 
noon. 

The  President  expressed  to  the  meeting  his  sense  of  apprecia- 
tion for  the  kindnesses  and  consideration  which  bad  been  shown 
him  during  his  term,  and  handed  the  gavel  to  his  successor, 
present  with  him  on  the  platform  at  the  hour  of  adjournment. 
The  motion  to  adjourn  having  been  put  and  passed,  the  meeting 
ended. 

It  may  be  added  that  by  a  vote  of  the  Council  at  a  meeting 
held  after  the  adjournment  of  the  general  meeting,  the  city  of 
Washington,  D.C.,  was  chosen  as  the  place  for  the  spring  meet- 
ing of  the  Society  next  to  follow. 
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Forming  a  part  of  Volume  XX.  of  the  Iransactions. 

BY   CHARLES   WALLACE   HUNT. 

It  has  been  the  custom  of  this  Society  for  the  President  to 
deliver  a  formal  address  at  the  end  of  his  term  of  service.  This 
practice,  like  other  acts  which  continue  long  enough  for  the 
establishing  of  a  custom,  must  have  good  reasons  for  its  exist- 
ence, although  they  may  not  be  fully  appreciated  either  by  those 
who  established  or  by  those  who  follow  the  custom. 

The  duty  which  devolves  upon  me  this  evening  was  first  en- 
tered into  as  a  task,  but  it  grew  to  be  a  pleasure,  as  the  growth 
and  importance  of  the  functions  of  the  engineer  became  evident 
on  every  side,  as  we  study  them  in  our  national  development,  in 
our  industries,  and  even  in  the  comforts  and  the  luxuries  of  our 
daily  life. 

Each  one  of  us  looks  out  upon  the  same  world  from  a  different 
standpoint,  and  each  sees  the  same  general  scene,  but  the  scope 
of  the  view  and  the  details  observed  will  vary  to  a  greater  or  a 
less  degree,  depending  upon  our  particular  position.  In  addi- 
tion to  this,  each,  as  it  were,  looks  through  a  colored  glass  which 
gives  a  personal  tint  to  the  scene,  colored  by  the  effects  of  our 
environment,  as  w^ell  as  by  our  personal  temperament. 

Could  we  combine  all  these  various  pictures,  large  and  small, 
which  are  presented  to  our  view,  with  all  their  varied  tints,  we 
would  obtain  a  kind  of  composite  image,  which  would  be  a  more 
accurate  and  probably  a  more  pleasing  representation  of  the 
real  subject  than  any  one  of  us  sees  individually.  A  senior, 
who  has  travelled  the  rugged  path  of  life,  should  be  able  from 
his  experiences  on  the  way  to  select  such  views  as  w^ould  be 
both  useful  and  pleasant  for  a  junior  to  consider  as  he  starts 
out  on  a  similar  journey.  The  interest  of  our  annual  meeting 
is  heightened,  and  an  intellectual  pleasure  is  given  us,  when  one 
of  our  body  presents  to  the  others  those  subjects  which  seem  to 
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liim  important  Jind  iiiten^stiii;^-,  tli;it  all  may  compare  them  with 
the  view  as  seen  from  tlu^ir  own  standpoint.  As  we  pass  from 
subject  to  subject,  each  will  (•()ml)in(^  the  picture  presented  with 
his  own  personal  conceptions,  ^ivinj^,  as  it  were,  a  stereoscopic 
effect,  each  one  ^ainin<^'  a  wider  and  a  clearer  view.  In  making 
this  survey  we  will  first  consider  those  matters  wliicli  immedi- 
ately concern  engineering  i)ractice,  and  then  pass  on  to  wider 
fields  and  subjects  of  more  general  interest. 


The  Word  "  Engineer^ 

In  order  that  we  may  proceed  in  harmony  of  thought,  we  must 
use  words  in  the  same  sense.  Let  us,  then,  first  consider  what 
we  mean  by  the  word  "  engineer  " — not  what  it  meant  historically, 
but  what  it  has  come  to  signify  in  the  active  world  of  to-day — 
and  try  to  bring  our  individual  conceptions  of  this  meaning  into 
harmony  each  with  the  other.  Following  Tredgold,  I  have 
herein  used  the  word  "  engineer ''  in  the  broad  sense  of  one  wdio 
is  skilled  in  the  application  of  the  materials  and  forces  of  nature 
to  the  uses  of  man. 

Considered  in  this  broad  sense,  the  engineer  is  interested  in 
every  investigation  and  discovery  in  the  whole  realm  of  nature. 
Experience  has  shown  that  every  field  is  tributary  to  his  work. 
The  theoretical  abstraction  of  yesterday  becomes  a  demonstra- 
tion to-day,  and  to-morrow  it  is  the  task  of  the  engineer  to  apply 
it  to  the  uses  of  man.  The  new  discoveries  of  materials,  of 
forces,  and  cf  laws  wdiich  now^  succeed  each  other  so  rapidly, 
make  a  corresponding  increase  in  the  range  of  the  work  and  the 
responsibility  of  the  engineer  of  this  present  day. 

Engineering  Practice, 

That  w^e  live  in  an  age  of  changes  is  at  once  our  opportunity 
and  our  pleasure.  Some  of  these  changes  burst  upon  us,  attract- 
ing universal  notice,  while  others  come  so  slowly  thEft  they  are 
almost  unobserved.  A  change  of  the  latter  character  has  been 
taking  place  of  late  years  in  the  work  of  professional  engineers. 
This  has  lg;rgely  come  from  the  development  of  our  manufactur- 
ing institutions  from  the  position  of  being  a  minor  factor  in  our 
economic  life  to  being  one  of   commanding  imjoortance,  and  the 
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necessary  employment  of  skilled  engineers  to  conduct  their 
technical  affairs. 

The  engineer  of  the  user  and  the  engineer  of  the  maker  have 
widely  different  duties.  Consider  how  different  may  be  the  in- 
formation required  in  practice  by  two  classmates,  whom  we  will 
designate  as  "A"  and  "B,"  who  graduate  from  college  as  engi- 
neers. We  will  suppose  that  "A"  secures  a  position  in  the 
engineering  department  of  a  city,  and  commences  his  work,  which 
may  be  the  designing  of  a  new  water-pumping  station.  His 
college  course  has  fitted  him  for  the  work.  His  text-books  were 
suited  to  problems  of  this  character.  He  finds  abundant  infor- 
mation on  all  branches  of  the  subject,  in  data  published  in  the 
proceedings  of  scientific  societies,  in  technical  literature,  and  in 
annual  reports  of  city  departments.  The  forms  of  contracts 
to  be  entered  into  are  at  hand,  all  found  elaborately  drawn,  with 
every  point  safe-guarded,  and  need  only  a  little  selection  and 
adaptation  to  suit  his  case.  They  place  in  his  hands  the  power 
to  decide  absolutely  and  without  appeal  all  questions  which 
may  arise  in  carrying  out  the  work. 

*'B  "  obtains  employment  in  the  engineering  department  of  a 
manufacturing  corporation,  which  in  due  time  is  to  submit  a 
tender  for  the  construction  of  the  pumping  plant  for  which  "  A  " 
has  issued  specifications.  He  will  find  that  the  form  of  contract 
proposed  by  "A"  has  many  minute  and  carefully  worded 
clauses  to  bind  and  limit  the  supplier.  The  tender  to  be  sub- 
mitted for  the  execution  of  the  work  must  in  its  scope  and  word- 
ing protect  the  interests  which  "  B  "  represents,  not  only  in  a 
general  sense,  but  in  every  one  of  the  clauses  of  the  proposed 
contract.  Every  obscure  phrase  and  every  adjective  used  by 
"A"  must  have  definite  consideration  and  be  clearly  defined 
in  both  an  engineering  and  a  legal  sense.  "  B  "  here  finds  that 
the  information  derived  from  his  college  course  is  meagre,  and 
there  is  no  technical  literature  which  he  can  use,  either  as  a 
general  guide  for  making  a  form  of  tender,  or  the  proper  ex- 
pressions to  use  to  define  or  limit  the  obscure  clauses  or  words 
found  in  the  specification. 

Looking  at  the  subject  from  a  purely  technical  point  of  view, 
ve  see  quite  as  great  a  variation  in  their  work.  In  the  case 
supposed,  "A"  would  require  only  a  general  knowledge,  while 
"  B  "  would  require  the  most  thorough  and  exhaustive  informa- 
tion of  the  qualities  of  constructive  materials,  and  shop  practice 
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Jivuiljil)l(i  ill  tliat  pjirticjilar  location.  Tlio  farther  we  carry  the 
(rom])aiison  of  tlioir  work,  the  more  clearly  it  in  seen  that  the 
educational  needs  uro,  l)eooming  more  and  more  complex,  to 
correspond  with  the  growing  specialization  of  engineering  work. 


Practice  Abroad, 

There  is  another  phase  of  engineering  practice  represented 
by  the  duties  of  "  A"  and  "  B  "  wliich  now  becomes  interesting, 
if  the  work  of  American  engineers  is  to  take  the  place  in  the 
world  at  large  to  which  the  indications  now  so  plainly  point. 
In  other  countries  it  is  a  common  j^ractice  for  "  A  "  to  make  all 
the  general  designs  and  all  of  the  details  for  engineering  work, 
and  the  supplier  has  no  responsibility  for  either,  or  for  the 
efficient  working  of  the  plant  when  completed.  If  errors  or 
omissions  are  found  in  the  drawings  or  specifications,  the  cost 
of  the  changes  required  is  paid  by  the  purchaser,  in  the  usual 
bill  for  extra  work.  In  this  case,  the  duties  of  "A  "  are  exhaus- 
tive, and  those  of   "  B  "  are  small  or  disappear  altogether. 


A^nerican  Practice, 

The  American  practice  is  tending  to  the  method  of  making 
the  requirements  issued  by  "A"  of  a  general  character  which 
will  cover  the  results  sought,  and  leave  to  the  supplier,  "  B," 
the  work  of  designing  the  particular  means  to  accomplish  the 
desired  end.  Business  has  become  of  such  a  magnitude  and 
so  complex  that  one  mind  cannot  fully  grasp  and  readily 
handle  the  new  discoveries,  new  materials,  and  new  practices 
which  now  come  so  rapidly.  For  efficient  and  economical 
results,  each  phase  must  be  handled  by  an  expert. 

There  will  be  many  "  B  "  engineers  to  respond  to  the  require- 
ments of  "  A,"  and  each  will  present  for  consideration  different 
ideas,  different  materials,  and  different  shop  practices.  "  A " 
must  select,  from  these  various  plans  and  details  submitted, 
the  one  which  best  promises  to  fulfil  the  requirements.  It  is 
a  division  of  labor  between  "  A "  and  *'  B,*'  each  of  whom,  by 
tastes  and  training,  is  especially  fitted  for  his  part  of  the  work. 
We  may  paraphrase  their  duties  by  saying  that  "  A  "  is  a  judge, 
"  B  "  is  a  counsellor. 


PKESIDENTS   ADDRESS,  1898.  31 

PosUGraduate   Worlc, 

At  the  present  time  we  cannot  expect  our  technical  schools, 
painstaking  and  perfect  as  they  are,  to  fully  prepare  both  *'  A '' 
and  "B"  for  such  new  and  varied  duties,  or  even  to  have  their 
instruction  in  engineering  fully  abreast  with  the  latest  practice, 
or  at  least  not  until  progress  in  the  arts  and  sciences  has  sub- 
stantially ceased.  It  takes  time  for  a  new  practice  or  a  new 
result  to  be  recorded,  published;  considered,  and  adopted  by 
the  teaching  staff. 

This  difference  between  the  teaching  and  the  engineering 
practice  of  the  day  is  not  only  an  indication  of  progress  in 
engineering,  but  in  some  measure  is  an  index  of  its  rate.  The 
student,  then,  must  expect,  as  a  normal  proceeding,  to  supple- 
ment his  graduating  acquirements  by  practical  experience, 
together  with  a  personal  contact  with  his  professional  breth- 
ren, in  order  to  place  himself  fully  abreast  of  the .  times, 
and  to  be  fitted  for  the  most  effective  and  useful  engineering 
service. 

Engineering  theory  and  practice  are  rapidly  extending  with 
the  general  advancement  of  our  economic  interests,  and  the  en- 
gineer, whether  he  be  a  young  graduate  or  otherwise,  who  does 
not  make  use  of  the  modern  aids  to  information,  among  which 
are  to  be  counted  scientific  societies,  and  a  personal  association 
with  his  brethren,  with  the  innumerable  hints  and  suggestions 
which  come  from  these,  will  soon  be  found  struggling  with  what 
seems  to  him  adverse  fate,  but  what,  in  reality,  is  inferior  knowl- 
edge, behindhand  knowledge,  or,  plainly  speaking,  ignorance 
greater  or  less.  The  engineering  world  has  passed  by  him, 
and  he  must  then  view  the  working  out  of  the  law  of  the  sur- 
vival of  the  fittest  with  what  grace  he  may. 

Laboratory  De  v,elopmen  t. 

An  interesting  development  in  the  engineering  world  of  the 
present  day  is  the  rapid  growth  of  the  experimental  equipment 
of  our  colleges  and  technical  schools.  There  seems  to  be  no 
limit  to  the  expense  and  the  completeness  of  the  illustrative 
and  experimental  machinery  which  is  being  installed  for  the 
instruction  of  the  students  of  these  institutions.  And  not  less 
valuable  is   the  learning,  industry,  and  skill  of  the  professors 
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ill  (•.lijir<^(^  of  iiiid  directing  tlioso  SL-hools,  whose  theoretical 
acqiiin^iiiouts  jiro  sui)])loin(uitn(l  by  being  in  constant  per- 
sonal touch  with  the  industrial  and  economic  interests  of  the 
country. 

It  is  possible  that  by  an  organized  effort  the  magnificent 
equipmeiit  of  trained  i)rofess()rs  and  experimental  apparatus 
could  be  brought  in  closer  touch  with  each  other,  that  to  a 
material  extent  their  work  and  investigations  miglit  be  made  to 
proceed  on  a  predetermined  plan.  This  would  broaden  their 
field  of  experimental  investigations,  lessen  the  duplication  of 
work,  systematize  the  publication  of  results,  and  more  rapidly 
extend  our  growing  fund  of  accurate  engineering  data. 

A  Helping  Hand. 

The  engineering  and  scientific  work  of  to-day  uses  one  or  the 
other  of  two  systems  of  metrolog}^ — the  English  or  the  metric. 
The  discussions  of  the  relative  importance  and  the  desirability 
of  these  systems  of  weights  and  measures  are  frequently  interest- 
ing, and  may  to  some  extent  be  useful  in  familiarizing  the  terms 
and  making  easier  the  conversion  of  quantities  from  one  system 
to  the  other.  Practical  engineers  can,  however,  lay  aside  aca- 
demic discussions  on  the  advantages  or  disadvantages  of  either, 
and  recognize  that  the  two  great  systems  of  metrology  are  each 
used  by  great  engineering  nations  to  the  practical  exclusion  of 
any  other,  and  they  may  safely  assume,  without  discussion,  that 
they  are  not  likely  in  the  near  future  to  be  changed  in  any  ma- 
terial way  by  those  using  them. 

It  is  especially  desirable  that  English-speaking  societies  shall 
give  every  practicable  aid  to  engineers  using  the  metric  system 
of  measures,  that  the  work  of  their  engineers  may  be  readily 
available  and  with  the  least  possible  trouble  in  making  conver- 
sions of  quantities  from  the  English  to  the  metric  system.  Such 
computations  are  always  troublesome  to  perform,  and  distract- 
ing to  the  mind  when  undivided  attention  is  required  by  the 
subject  matter  of  the  article.  If  the  numerical  expression  in 
English  measures  is  followed  in  a  parenthesis  by  the  exact 
metric  equivalent,  the  article  is  practically  translated  when 
printed,  as  most  engineers  using  the  metric  system  read  the 
English  language,  although  they  may  not  speak  it,  or  readily 
make  numerical  conversions.     The  greater  the  availability  and 
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the  publicity  given  to  the  published  proceedings  of  a  scientific 
society,  the  more  nearly  has  the  society  accomplished  the  chief 
object  of  its  existence. 

An  Extending  Field. 

It  has  long  been  evident  that  we  were  making  rapid  progiess 
in  perfecting  our  manufacturing  machinery,  as  well  as  organiz- 
ing and  developing  our  industries,  thus  constantly  increasing 
the  efficiency  of  our  labor,  until  we  have  reached  a  point  where 
an  hour's  labor  with  its  facilities  produces  more  of  our  principal 
products,  and  transports  them  farther,  than  an  hour's  labor  will 
do  in  any  other  part  of  the  world. 

The  late  war  has  revealed  to  us  the  fact  that  we  have  gone  on 
reducing  the  cost  of  our  products,  and  increasing  our  capacity 
for  production,  until  our  country  alone  does  not  furnish  a  suffi- 
cient market  to  insure  steady  work  for  our  labor,  and  prosperity 
for  our  merchants  and  maniifacturers.  Like  confined  waters,  the 
tendency  of  thess  increasing  economic  forces  has  been  to  break 
out  from  their  confinement  and  equalize  trade  conditions  by 
seeking  a  market  in  the  world  outside.  If  articles  which  are 
necessary  to  supply  the  wants  of  man  can  actually  be  made  here 
with  less  labor  and  cheaper  than  elsewhere,  here  they  will  surely 
be  made,  though  it  modify  our  traditional  ideas  of  isolated  posi- 
tion, and  our  protective  theories. 

One  hundred  years  ago  the  iron  trade  of  Sweden  was  greater 
than  that  of  England,  and  remembering  the  great  changes  which 
have  taken  place  in  the  last  hundred  years,  it  would  be  rash  to 
assume  that  the  momentous  economic  changes  which  are  now 
taking  place,  may  not  cause  an  equally  great  shifting  of  the 
centres  of  more  than  one  phase  of  industrial  activity. 

Scien  tific  Soc ieties. 

Every  age  has  produced  most  ingenious  and  able  engineers 
and  mechanicians,  as  is  conclusively  shown  by  specimens  of 
their  work.  Many  of  these  have  been  preserved  and  handed 
down  to  us,  causing  us  to  wonder  at  their  skill  when  we  con- 
sider the  limitation  of  materials  then  available,  and  in  their  time 
the  paucity  of  exact  knowledge  of  the  laws  of  nature.  But  the 
special  knowledge  and  experience  of  those  masters  in  the  art 
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practically  disappeared  wlion  death  claimed  the  originators, 
as  only  a  small  portion  usually  remained  in  the  minds  of  the 
pupds,  and  but  litth^  of  tliis  was  transmitted  to  posterity.  It 
was  only  when  sci(uitifi(!  and  technical  societies  for  the  preserva- 
tion of  accurate  records  had  developed,  in  the  fulness  of  time, 
niakinijj  all  the  world  ])upils,  that  the  valuable  knowledge  so 
laboriously  obtained  was  pn^served  and  handed  down  to  those 
who,  sooner  or  later,  could  utilize  it  for  the  comfort  and  the 
advancement  of  mankind. 

These  lately  developed  scientific  societies,  which  are  so 
proniinent  a  feature  of  the  preseni  age,  were  organized  for  the 
discovery  and  the  universal  diffusion  of  scientific  knowledge,  an 
object  entirely  different  from  that  of  all  mediaeval  guilds  and 
trade  organizations.  At  first  they  were  largely  philosophical, 
discussing  theories  and  experiments  which  at  the  time  appeared 
to  the  community  at  large  to  have  little  or  no  direct  bearing  on 
the  practical  affairs  of  life. 

The  members  presented  to  the  society  the  results  of  their 
investigations  and  experiments,  in  the  form  of  Avritten  papers, 
making  them  permanent  records  to  be  consulted  and  made  avail- 
able by  others  who  were  contemporaneous  or  who  would  succeed 
them.  This  was  the  vital  germ  which  was  to  develop  and  elevate 
science  and  its  applications  in  industrial  work  in  succeeding  ages. 
These  societies  thus  became,  so  to  say,  the  savings-banks  of  our 
civilization,  the  repositories  and  guardians  of  the  results  of  in- 
vestigations, experiments,  and  experience  that  otherwise  would 
have  been  lost  to  the  world. 

As  industrial  interests  became  more  important,  other  societies 
sprang  up,  each  devoted  to  some  particular  phase  of  scientific  or 
technical  work  ;  each  gathering,  selecting,  and  recording  data,  not 
alone  for  their  members,  but  to  become  permanent  additions  to 
the  general  fund  of  scientific  and  engineering  knowledge.  The 
growth  of  these  societies  has  been  accompanied  by  a  gradual  de- 
crease of  secret  methods  of  manufacture,  formerly  so  prominent, 
but  which  have  now  practically  disappeared  in  our  industries. 
Manufacturing  suprema^cy  is  now  decided  by  other  factors. 

The  advance  made  in  the  accumulation  of  useful  data  and 
more  accurate  knowledge  in  practical  engineering  gained  one 
season,  is  presented  to  a  scientific  society  the  next,  and  still 
later  it  will  be  embodied  in  text-books  for  the  instruction  of 
students  who  are  soon  to  take  our  places  and  carry  on  our  work. 
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Until  attention  is  called  to  the  subject,  we  are  not  likely  to  real- 
ize that,  in  their  essential  parts,  the  great  bulk  of  the  en^rineer- 
ing  data  available  to  lis  now  has  been  first  presented  to  a  sci- 
entific society,  and  there  permanently  preserved  until  the  time 
came  for  its  utilization  or  application.  It  is  this  great  fund  of 
information,  principally  accumulated  during  the  last  ceuturv, 
that  we  draw  upon  for  the  materials  for  our  text-books,  our 
general  treatises,  and  our  engineering  hand-books. 

Applied  Science. 

Turning  now  to  the  effects  of  this  accumulation  of  scientific 
data  and  literature  available  to  all  alike,  and  the  results  follow- 
ing its  application  by  organized  methods  of  procedure,  our  first 
glance  will  show  prominently  the  wonderful  and  rapid  increase 
of  the  importance  of  engineering  in  our  industrial  life.  It  has 
transformed  almost  every  phase  of  it,  and  put  into  our  hands 
materials  and  processes  which  make  the  actual  life  of  our  im- 
mediate ancestors  seem  primitive  by  comj^arison. 

Commencing  under  adverse  conditions  and  developing  in  a 
field  of  restricted  capital,  with  scarce  and  high-priced  labor, 
engineering  in  America  has  applied  the  forces  and  materials  of 
nature  to  the  uses  of  man  in  a  characteristic  way.  Freedom 
•  from  mediaeval  traditions  and  the  hampering  conditions  found  in 
the  older  countries  left  them  substantially  free  in  the  choice  of 
means  to  accomjDlish  their  end.  Influenced  as  our  engineerinor 
has  been  by  the  experience  and  the  work  of  other  parts  of  the 
world,  yet  we  cannot  escape  the  fact  that  its  development  was 
essentially  independent,  and  in  some  phases  unique- 
Improvement  has  followed  improvement  in  technical  matters, 
profits  and  savings  have  been  added  to  the  capital  invested  in 
our  industries,  until  our  country,  two  hundred  years  ago  an 
untraversed  wilderness,  one  liundred  vears  agfo  a  strufrcling 
nation — struggling  with  industrial  difficulties  and  serious  po- 
litical problems — has  triumphed  over  those  early  limitations, 
and  has  developed  into  a  nation  which  in  numbers,  prosperity, 
and  wealth  takes  a  prominent  position  among  the  great  nations 
of  the  wofld. 

The  Advent  of  the  Engineer. 

^Tiichever  way  we  turn,  we  behold  marvellous  changes,  which 
have  followed  the  advent  of  the  en^irineer  on  the  scene.     A  view 
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of  one  subject  will  in  ainojisurn  starve  t(^  represent  these  changes, 
and  to  recall  similar  illustrations  to  your  minds  which  differ 
from  this  only  in  degree. 

It  is  but  a  few  years,  well  within  the  memory  of  men  now 
living,  that  our  navy  and  all  the  other  navies  of  the  world  were 
composed  of  sailing  ships.  In  one  of  these  vessels  a  mechanical 
germ  was  introduced  in  the  form  of  a  steam  engine  and  an 
engineer.  T\u)  grave  (piestiou  soon  arose  as  to  what  should  be 
the  status  of  the  new  intrusion  into  the  personnel  of  the  ship, 
the  engineer.  This  factor,  which  was  soon  to  revolutionize  the 
navy,  was  considered  unimportant  at  that  time,  as  is  shown 
by  the  first  official  record  on  this  subject  in  the  Navy  Depart- 
ment at  Washington,  stating  that  it  would  seem  that  such 
persons  should  be  exempt  from  the  penalty  of  corporal  punish- 
ment. 

The  engine  grew  in  size  with  Bach  succeeding  vessel,  and  as 
it  increased,  the  sails  correspondingly  shrank,  until  finally  they 
disappeared  altogether.  Other  mechanical  germs  also  found  a 
lodgment  in  the  ship,  which  have  so  developed  that  hydraulic 
and  pneumatic  pressures  are  produced,  and  electric  currents 
are  generated  and  distributed,  to  govern  the  rudder,  hoist  the 
anchor,  ventilate  the  compartments,  energize  the  combustion, 
revolve  the  turrets,  train  and  control  the  guns,  handle  the  am-^ 
munition,  and  purge  the  ocean's  water  of  its  impurities,  making 
it  wholesome  for  the  ship's  use. 

Following  these  in  quick  succession  came  incandescent  lamps 
and  search-lights,  breech-loading  and  rapid-fire  guns,  multi- 
charge  automatic  guns,  and  mobile  torpedoes — one  mechanical 
appliance  rapidly  following  another,  until  the  ship-of-the-line, 
which  but  just  now  embodied  the  result  of  hundreds  of  years  of 
thought  and  experiment,  has  been  completely  transformed  from 
keel  to  topmast  into  a  vast  machine,  controlled  and  operated, 
even  to  the  least  important  function,  not  by  sailors,  but  by 
mechanicians. 

In  every  phase  of  our  industrial  life  the  changes  wrought 
by  the  engineer  are  quite  as  evident ;  for  instance,  note  the 
marvellous  changes  in  the  manufacture  of  steel, — in  the 
development  of  electric  locomotion, — in  iron  building  con- 
struction,— in  machine  tools, — in  agricultural  implements, — 
in  sewing-machines, — in  textile  industries, — in  electric  me- 
tallurgy. 
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Ills  Work. 

The  life  of  tlie  engineer  has  a  full  measure  of  the  labors,  the 
trials,  the  discomforts,  and  the  disappointments  which  are 
found  in  this  as  in  every  other  walk  of  life.  But  it  also  lias 
the  successes  which  come  from  well-directed  labors.  It  is  not, 
however,  either  the  useful  work  in  itself,  or  what  are  called  the 
successes  of  life,  which  brings  happiness.  It  is  man's  ideals 
which  make  him  happy. 

Let  us  together  survey  some  of  the  surrounding  influences 
which  tend  to  give  high  ideals  of  life  to  the  engineer,  no  matter 
what  the  trials  or  the  vexations  of  the  moment  may  be.  We 
will  pass  in  review  the  interesting  character  of  his  daily  work, 
his  pure-minded  associates,  the  higher  pleasures  of  life,  and  the 
fascinating  scenes  by  which  he  is  surrounded.  We  will  then 
better  appreciate  with  what  elevated  emotions  a  father  can  lead 
a  son,  or  a  teacher  his  pupil,  to  the  path  of  an  engineering  life, 
and  place  in  his  hands  the  mathematical,  chemical,  and  physical 
implements  to  enter  upon  a  work  which  will  bring  to  him  use- 
fulness, pleasure,  and  honor. 

Whichever  way  engineering  may  develop  as  time  rolls  on,  its 
elevating  influences  are  constantly  at  work  on  the  mind  and  on 
the  character.  The  work  is  carried  on  under  unchansjeable 
laws,  which  must  be  rigorously  applied  and  adhered  to,  or 
failure  is  sure  to  result.  Man  builds  to  master,  to  resist,  or  to 
guide  the  forces  of  nature.  If  he  has  rightly  judged  the  condi- 
tions, his  work  stands  as  a  permanent  monument  of  the  fact ; 
but  if  otherwise,  the  irresistible  laws  of  nature  will  develop  the 
defect  and  discover  his  ignorance,  incompetence,  or  error  to 
every  observer. 

His  Researches, 

Hence  he  laboriously  seeks  out  the  unseen  laws  and  forces 
of  the  universe,  then  expresses  the  revelation  in  a  workable 
form  for  his  daily  use.  He  tests  his  materials  with  painstaking 
refinement.  He  measures  electric  resistances  with  an  accuracy 
now  reaching  the  point  of  one  in  four  millions, — time  to  the  one- 
millionth  part  of  a  second ; — divides  a  circle  with  a  mean  error 
not  exceeding  the  one-millionth  part  of  the  circumference ; — 
makes  surfaces  six  inches  square  with  a  variation  from  absolute 
flatness  of  less  than  one  two-hundred-thousandth  of  an  inch, 
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and  parjillol  witliiii  ono  socoiid  of  arc; — rules  lines  wliicli  vary 
from  al)s.)lut(Uy  pcrfiH'i  spaciii<^  by  only  one  tbree-milliontli  part 
of  an  inch  ;  measures  his  (jptical  work  with  a  wave-length  of 
light  as  a  unit  of  distance,  and  liandles  tliis  unit  of  the  one 
forty-thousandth  of  an  inch  as  easily  as  a  mechanic  handles  a 
rule  ; — sees  clearly  the  spectrum  of  samarium  when  one  part 
is  diluted  with  three  million  parts  of  lime  ; — and  surveys  lines 
eleven  miles  long,  in  the  open  air,  with  an  average  variation 
in  three  measurements  of  only  four-tenths  of  an  inch« 

HU  Ethics. 

The  effect  of  living  and  working  in  such  a  sphere  of  action, 
where  it  is  inconceivable  that  an  engineer  could  knowingly  be 
otherwise  than  exact  in  his  work,  should  tend  to  influence  the 
whole  trend  of  his  life  and  character,  and  make  them  to  a 
greater  or  less  degree  a  reflex  of  his  daily  work.  He  of  all  men 
has  the  most  unchangeable  and  exalted  basis  for  his  ethics — 
the  clearest  of  all  knowledge  of  the  disastrous  results  which 
will  surely  follow  the  violation  of  law.  The  very  qualities  of 
his  mind  which  make  his  work  a  pleasure  and  a  success  will  all 
tend  to  bring  his  every  act  into  compliance  with  the  inexorable 
laws  of  the  universe.  If  it  is  otherwise,  and  his  conduct  is  not 
guided  by,  and  his  ethics  are  not  in  accordance  Avith  the  laws 
of  right  doing  and  right  thinking,  then,  and  to  that  extent,  he 
is  not  an  engineer — not  one  w^ho  is  skilled  in  the  application 
of  the  laws  and  the  forces  of  nature  to  the  uses  of  man. 

His  Pleasures. 

It  is  with  hesitation  that  I  ask  you  to  contemplate  the  pleas- 
ures of  life  enjoyed  by  those  whose  daily  walk  is  thus  sur- 
rounded. Words  fail  to  describe  the  exquisite  pleasures  and 
the  noble  aims  which  are  inspired  by  the  contemplation  of  the 
wisdom  and  beneficence  of  the  laws  of  the  universe,  which 
the  diligence  of  man  has  revealed  to  us.  AY  ho  can  estimate  the 
satisfaction  which  comes  to  the  mind  of  the  engineer  from  the 
knowledge  that  his  work,  the  fruit  of  his  investigations,  and 
the  wisdom  of  his  decisions  will  be  judged,  not  by  fallible 
human  methods  and  its  caprices,  but  by  the  infallible  and  immu- 
table laws  of  the  universe  ! 
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Tlieu  consider  the  pleasure  which  comes  from  working  in  the 
open  air,  in  the  broadest  light,  where  every  interested  one  can 
see  his  difficulties,  his  investigations,  his  adaptations,  and 
finally,  if  God  has  given  him  ability  equal  to  the  task,  his  solu- 
tion of  the  problem.  When  victory  comes,  he  is  given  the 
honor  due  to  the  work  in  unstinted  measure,  and  he  can  accept 
it  with  proj)riety  and  count  the  commendation  as  one  of  the 
pleasures  of  life. 

It  is  inspiring  to  the  earnest  engineer  to  feel  that  the  actual 
workings  of  his  mind,  and  his  inner  and  fundamental  conception 
of  the  forces  of  nature,  of  resistances,  of  materials,  of  workman- 
ship, will  be  shown  in  his  works  as  in  a  mirror.  Roebling, 
Ericsson,  Sir  Benjamin  Baker,  and  Edison  have  worked,  as  it 
were,  in  a  glass  house.  Their  thoughts  and  judgments  are 
shown  to  all  the  world,  not  by  inadequate  words,  but  in  the 
works  of  their  hands— the  Brooklyn  Suspension  Bridge, — the 
turreted  Monitor, — the  Forth  Bridge, — the  quadruplex.  tele- 
graph,— the  enclosed  filament  whose  electric  conductivity  in- 
creases with  the  current. 

Then  he  has  the  gratification  to  the  mind  which  is  found  in 
comprehending  and  intellectually  seeing,  as  clearly  as  in  a  dia- 
gram, the  theoretical  lines  of  the  forces  in  a  structure,  and 
then  clothing  those  lines  with  materials  of  strength  and  re- 
sistance, to  make  them  realities,  and  adapted  to  do  the  every- 
day work  of  life.  The  Brooklyn  Suspension  Bridge  by  Roeb- 
ling shows  an  almost  ideal  correspondence  of  the  two,  so  that 
it  may  represent  either  theory  or  practice,  depending  on  which 
way  at  the  moment  he  chooses  to  look  at  it.  Again,  he 
uses  a  system  of  weights  that  cannot  be  seen  or  handled,  the 
purely  intellectual  atomic  weights — yet  the  rock  under  our  feet 
is  not  more  firm  and  real  than  is  the  work  done  with  these  in- 
tellectual aids. 

Ilis  Environment. 

Working  in  a  field  and  in  touch  with  a  body  of  his  fellow-men 
having  similar  tastes,  he  sees  on  every  hand  scenes  of  engross- 
ing interest — the  telescope  photographically  recording  the  po- 
sition and  motion  of  stars  which  no  human  eye  has  ever  seen, — 
the  spectroscope  analyzing  the  materials  of  the  sun  and  stars 
with  all  the  accuracy  which  it  would  show  if  the  articles  were 
in  the  laboratory, — looking  with  Roentgen  rays  through  a  double- 
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bjiTi'ollod  riflo,  and  neeiiig  not  only  tlie  l('-julon  })u]lets  witliin  the 
steel  bjirrels,  but  also  the  wads  and  the  (;har^es, — and  photo- 
graphing lines  in  the  ultra-violet  and  infra-red  spectrum  far 
beyond  the  reach  of  our  vision. 

He  stands  by  a  quartz  filament  galvanometer  which  indicates 
an  electric  current  so  minute  that  if  it  should  be  increased  in 
magnitude  eight  hundred  thousand  times  it  would  still  be  only 
the  one-millionth  part  of  an  ampere;  and  on  the  other  hand,  in 
contrast,  sees  the  Niagara  electric  generator  of  five  thousand 
horse-power,  with  a  current  so  much  larger  than  that  of  the 
galvanometer  that  the  difference  can  only  be  expressed  mathe- 
matically, not  in  colloquial  language.  He  sees  with  entrancing 
interest  the  liquefaction  of  hydrogen  at  a  temperature  of  only 
twenty-three  degrees  centigrade  above  absolute  zero, — and,  again 
in  contrast,  sees  what  promises  to  be  a  rosetta-stone  in  astral 
analysis,  in  the  precise  correspondence  of  the  spectrum  of  the 
star  gamma  Cygni  and  that  of  the  chromosphere  of  the  sun. 

He  shares  in  the  enthusiasm  at  the  results  of  two  years  of 
unremitting  work  in  the  extreme  part  of  the  known  spectrum  in 
isolating  a  new  element,  mouium, — in  the  Hertz  electro-mag- 
netic waves  now  applied  in  wireless  telegraphy, — in  the  newly 
discovered  element  polonium,  whose  radiations  make  the  air 
through  which  they  pass  a  conductor  of  electricity. 

More  nearly  touching  him  personally  comes  the  work  of  the 
biologist,  whose  quest  for  the  thing  we  call  life  has  continued 
from  the  primitive  man  to  the  present  time.  Constantly  flit- 
ting from  his  grasp,  it  has  seemingly  passed  from  fire  and 
storm  to  mountain  and  deep,  from  animal  and  plant  to  flower, 
to  seed,  to  cell,  and  now  it  has  been  followed  to  the  molecule 
or  the  atom  ;  and  yet  it  as  completely  eludes  his  grasp,  or  even 
his  comprehension,  as  ever  it  has.  But  followed  it  certainly 
has  been,  by  all  the  laws  and  forces  of  nature  at  the  command 
of  man,  until  the  search  for  it  is  now  in  the  atom,  a  space 
physically  so  small  that  only  the  trained  imagination  can  even 
faintly  comprehend  its  minuteness. 

And  there,  on  the  outskirts  of  this  unexplored  world,  stands 
man,  with  spectroscope  and  polarized  light,  peering  into  the 
sphere  of  action  which  we  call  an  atom,  well  knowing  that 
therein  lie  Avonderful  forces,  activities,  and  at  least  the  efi'ects  of 
that  mysterious  entity,  life  itself.  He  sees  a.  field  for  investiga- 
tion so  fraught  with  possibilities,  so  infinitely  beyond  the  com- 
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prehension  of  any  conception  which  we  can  form  of  the  capaci- 
ties of  the  human  mind,  that  he  stands  gazing  into  the  abyss 
with  the  same  devout  wonder  and  awe  as  does  the  astronomer 
when  viewing  the  illimitable  heavens.  The  two  are  standing,  as 
it  were,  back  to  back,  and  each  is  gazing  into  an  infinity— one 
into  the  infinitely  great,  and  the  other  into  the  infinitely  small. 

Thus  stands  the  engineer  in  the  midst  of  a  countless  number 
of  earnest  explorers  in  the  field  of  unrevealed  nature,  and,  so  to 
speak,  sees  the  tools  forged  and  the  materials  discovered  with 
which  he  is  to  work.  Cheerfully  can  he  enter  upon  his  daily 
task  with  the  consciousness  that  his  application  of  these  dis- 
coveries is  of  real  service  in  lightening  the  burdens  of  our  life, 
as  well  as  elevating  and  ennobling  his  fellow-men. 

The  scenes  which  we  have  just  brought  to  our  intellectual 
vision  are  not  those  of  the  untrained  imagination,  of  rhetoric,  or 
of  unreality,  but  those  of  the  most  rigorous  truth,  among  the 
most  real  and  matter-of-fact  things  known  to  us  in  all  the  realms 
of  nature,  and  brought  before  you  in  the  plainest  language  at 
my  command. 

We  have  traversed  a  wide  field  together,  and  now,  as  we  draw 
near  to  a  personal  parting — never  to  meet  again  under  similar 
circumstances — let  us,  as  we  travel  the  way  of  life,  appreciate 
its  elevating  pleasures,  and  carry  to  our  daily  tasks  and  to  our 
homes  a  higher  realization  of  the  dignity  of  the  life  and  of  the 
work  of  the  engineer. 
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DCCXCIII.* 

VALVE  GEAR   OF  THE    WILLANS  ENGINE. 


BY    JOHN    SVENSON,    CHICAGO,    ILL. 

(Member  of  tlic  Societ}'.) 


Ix  the  criiical  examination  of  any  mechanism,  simplicity  is 
without  doubt  the  highest  test  of  excellence.  When,  therefore, 
in  the  gradual  evolution  of  a  certain  piece  of  machinery  great 
simplicity  has  been  approached  without  loss  to  the  result  re- 
quired, that  particular  combination  of  mechanical  elements 
becomes  an  object  of  general  interest.  It  is  this  thought  which 
furnishes  me  with  an  apparently  valid  motive  for  leading  you  to 
a  moment's  notice  of  a  steam-engine  valve  gear  which  has  in  its 
make-up  so  few  moving  parts,  and  which  effects  a  steam  distri- 
bution so  admirable,  that  it  may  well  be  reckoned  among  the 
mechanisms  above  categorized. 

The  valve  gear  is  not  new  of  which  I  am  about  to  speak.  It  is 
probably  known  to  many  of  you  as  the  most  interes:ing  feature 
of  that  engine  which,  of  all  strictly  high-speed  prime  movers,  has 
attracted  the  greatest  attention  in  Europe,  and  which  was  the 
cause  of  bringing  the  late  P.  W.  Willaus  before  the  world  as 
one  of  the  foremost  steam-engine  experts  of  our  day. 

While  thus  lacking  in  absolute  novelty,  my  subject— so  it  has 
been  suggested — may  nevertheless  interest  those  of  you  who  have 
not  as  yet  become  entirely  familiar  with  this  admirable  gear. 

The  valve  mechanism  of  the  Willans  engine  is  so  closely  in- 
terwoven with  the  other  reciprocating  parts  that,  in  order  to 
render  a  description  of  it  at  all  comprehensible,  it  will  be  neces- 
sary to  include  here  a  few  brief  references  to  the  engine  as  a 
whole. 

From  a  study  of  Fig.  1  we  see  an  engine  of  the  vertical  type 
with  single-acting  cylinders — in  this  instance  two  in  number — 
arranged  tandem  fashion  over  a  common  crank  shaft.  A  pecu- 
liarity of  design  will  strike  you  at  once  in  examining  the  piston 

*  Presented  at  the  New  York  meeting  (November,  1S98)  of  the  American  Society 
of  Mechanical  Engineers,  and  foi'ming  part  of  Volume  XX.  of  the  Transactions, 
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rod.  Contrary  to  usage,  this  el(Mneiit  is  liero  a  tube,  open  at 
both  ends  and  finished  accurately  inside  and  out.  It  runs  steam 
tight  through  glands  provided  with  elastic  packing  rings.  At 
proper  intervals  it  is  pierced  with  openings  arranged  in  trans- 
verse rows,  through  which  the  steam  is  made  to  enter  and  leave 
the  cylinders,  the  admission  and  exhaust  periods  being  regulated 
by  the  valve  and  by  the  movement  of  the  rod  itself.     The  valve 
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Fig.  1. 

is  a  series  of  connected  pistons  which  works  inside  the  hollow 
piston  rod.  It  is  made  to  run  steam  tight  by  means  of  spring 
rings. 

To  the  other  portions  of  the  valve  gear  proper,  the  briefest 
kind  of  reference  Avill  suffice.  They  are  an  ordinary  eccentric 
with  its  strap  ;  a  rod  secured  to  the  strap  in  the  usual  way,  and 
to  the  valve  by  means  of  the  only  pin  about  the  whole  gear ;  and, 
finally,  a  small  cross  head  with  guides. 
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As  tlio  piston  rod  is  mIso  the  valve  seat,  tli(3  rod  and  the  valve 
must  niov(^  in  relation  to  each  otlier.  This  rcdative  motion  is 
had  by  mounting  tin;  eccentric  upon  the  crank  pin. 

The  valve  opens  the  inlet  ports  ;  it  also  alone  controls  the  ex- 
liaust,  but  it  d()(^s  not  cut  off'  tlui  stt^ani  supj)ly  at  the  end  of  the 
admission  j)eri()d.  That  office  is  delegated  to  the  care  of  the 
hollow  piston  rod,  which  then  to  that  extent  l)ecomes  a  member 
of  the  valve  gear.  Tlie  manner  in  wliich  the  rod  performs  this 
part  of  its  work  will  be  best  described  in  connection  with  the 
steam  distribution.  I  will  merely  mention  here  that  the  arrange- 
ment not  only  permits  a  variable  automatic  cut-off,  but  it  also 
gives  rise  to  a  rapidity  of  cut-off  not  heretofore  attained  with  so 
few  moving  parts. 

The  eccentric  has  no  part  in  varying  the  cut-off.  This  mem- 
ber is  unalterably  secured  to  the  crank  pin,  and  it  has  been 
found  that  an  angular  position  of  114  degrees  ahead  of  the  crank 
is  the  most  advantageous. 

The  steam  distribution  is  briefly  as  follows  : 

When  the  parts  are  in  the  position  shown  by  Fig.  1,  the  crank 
being  at  the  upper  centre,  steam  from  the  chest  has  free  access 
into  the  hollow  piston  rod  between  the  two  highest  valve  spools. 
Ports  h  are  also  opened  to  the  extent  of  a  slight  lead.  As  motion 
commences,  these  ports  h  are  very  rapidly  opened.  That  such 
is  the  case  is  plain  from  the  fact  that  the  eccentric  at  the  be- 
ginning of  admission  moves  very  nearly  in  the  position  of  maxi- 
mum speed  of  valve  travel.  On  the  downward  stroke,  while 
steam  rushes  in  through  the  ports  a  and  h,  on  top  of  the  pis- 
ton, a  point  will  be  reached  when  the  ports  a  will  be  covered 
by  the  solid  portion  of  the  sleeve  c.  Then  the  inflow  of  steam 
will  cease  and  expansion  begin.  Just  before  the  crank  pin  has 
reached  the  lower  centre,  the  valve,  which  is  now  on  its  upward 
path,  has  arrived  at  a  point  where  the  lower  edge  of  the  second 
valve  spool  coincides  with  the  lower  edges  of  the  ports  h. 
This  marks  the  beginning  of  the  exhaust  period.  The  same 
rapidity  of  opening  which  characterized  steam  admission  is  again 
repeated  in  the  release,  as  the  valve  now  also  moves  in  close 
proximity  to  the  locality  of  greatest  speed.  The  exit  of  steam 
is  through  the  ports  h  and  (7,  into  the  space  beneath  the  pis- 
ton, which  space  is  either  a  receiver,  or  an  exhaust  chamber 
connected  with  the  exhaust  pipe,  as  the  case  may  be. 

I  need  hardly  say  that  the   cycle   described  above  for  one 
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cylinder  is  repeated  in  every  other  cylinder  located  beneath. 
If  the  gear  is  used  on  a  simple  engine  the  valve  has  three  spools 
or  pistons,  and  the  operations  noted  end  the  matter.  In  a  com- 
pound or  triple-expansion  engine  two  more  spools  must  be 
added  to  the  valve  for  every  cylinder  below  the  first.  No  matter 
how  many  cylinders  may  be  used  in  one  line,  the  same  events  of 
admission  and  release  occur  in  them  all  simultaneously.  The 
points  of  cut-ofi*  may,  however,  be  varied  to  suit  conditions. 

I  will  return  to  the  first  portions  of  the  cycle  to  consider  for 
a  moment  the  cut-off  arrangement.  It  should  be  first  noted, 
then,  that  when  no  variable  cut-off  is  desired  the  sleeve  c  is 
removed,  the  upper  portion  of  the  hollow  piston  rod  somewhat 
shortened,  and  the  packing  gland  adjusted  to  the  proper  height, 
so  as  to  serve  the  purpose  of  arresting  the  steam  supply  through 
the  ports  a,  at  the  proper  point. 

The  automatic  cut-off  device  is  a  sleeve  r,  fitting  nicely  on 
the  outside  of  the  piston  rod,  and  arranged  to  rotate  when  acted 
upon  from  the  outside  by  a  centrifugal  governor.  Reference  to 
Fig.  2  will  indicate  the  purpose  and  effect  of  such  rotation. 
The  inlet  ports  a  of  the  down-moving  piston  rod,  being  in  com- 
munication with  the  steam  chest  only  through  the  triangular 
apertures  cut  into  the  sleeve,  will  become  closed  earlier  or  later, 
dependent  on  the  angular  position  of  said  sleeve.  By  this 
means  the  period  of  expansion  is  varied  to  correspond  with 
momentary  changes  of  load. 

Where  the  demand  for  accuracy  of  regulation  warrants  the 
expense,  a  similar  cut-off'  sleeve  may  be  fitted  on  the  piston  rod 
above  the  low-pressure  cylinder  also. 

The  indicator  cards  reproduced  in  Figs.  3,  4,  and  5  will  serve 
as  a  good  text  for  a  brief  commentary  upon  the  distribution 
attained  with  this  valve  gear.  They  were  taken  from  a  240  in- 
dicated horse-power  triple-expansion  engine  when  running  at  a 
speed  of  380  revolutions  per  minute.  The  engine  was  designed 
for  condensing,  but  at  the  time  of  the  test  it  exhausted  into  the 
atmosphere,  and  that  fact  will  help  to  explain  the  loop  in  the 
low-pressure  card.  It  is  evident  that  the  indicator  springs  are 
responsible  for  the  irregularities  of  admission  lines  in  Figs.  4 
and  5,  and  of  the  exhaust  line  in  Fig.  3.  Fig.  3  is  a  good  indi- 
cator of  the  valve  action.  The  admission  and  exhaust  lines  are 
both  excellent,  the  former  dropping  only  4  pounds  towards  cut- 
off.    The  quick  cut-off  is  a  point  of  no  less  interest.     In  fact,  all 
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tho  poriodicjil  cluinj^os  in  the  (rylinders  must  liave  been  marked 
v.'itli  distinct  and  al)riipt  beginnings  and  ends,  in  order  to  result 
in  the  cards  shown. 

1  liave  made  a  rough  cak'uhitiun  ot"  the  time  it  takes  to  close 
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Fig.  2. 


STEAM  PRESS  135"^ 
eO^SPRING  380  RPM. 
CARD  FROM  H.  P.  CYLINDER. 


Fig.  3. 


50^SPR1NG 
I.  P.  CYLINDER. 


Fig.  4. 


ao'^SPRING 
L.  p.  CYLINDER 


Fig.  5. 


the  inlet  ports  from  full  opening,  and  find  that  in  the  engine 
from  which  the  indicator  cards  w^ere  taken  it  requires  about  -^ 
part  of  a  second.  The  rapidity  is  simply  measured  by  the  pis- 
ton speed,  and  the  time  spent  is  equal  to  the  time  it  takes  the 
piston  to  travel  the  1  ngth  of  inlet  openings  (a). 
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Commenting  further  on  the  various  characteristics  of  the  gear, 
it  is  interesting  to  note  that  no  matter  how  many  cylinders  may 
be  in  use,  so  long  as  they  are  placed  in  one  line  the  valve  gear 
still  retains  but  one  pin  connection  and  one  eccentric.  The 
gear  is,  therefore,  in  the  principal  sense,  no  more  complicated 
in  a  triple-expansion  engine  than  it  is  in  a  simple  engine.  The 
valve,  to  be  sure,  must  be  longer,  but  an  addition  of  valve  spools 
is  the  least  objectionable,  as  furnishing  but  increased  weiglit. 
This  feature  of  simplicity  in  a  multiple-cylinder  engine  becomes 
of  the  utmost  importance  when  an  engine  of  high  rotative  speel 
is  considered.  The  fewest  number  of  jointed  parts  is  here 
absolutely  essential  to  maintenance,  long  life,  and  safety.  A 
gear,  then,  which  provides  the  desired  simplicity  enables  the 
high-speed  engine  to  multiply  its  cylinders,  and  will  for  that 
reason  j)ermit  it  to  take  its  place  among  the  economical  engines 
of  our  time. 

The  locality  of  the  valve  and  its  operating  mechanism  in  the 
very  centre  of  the  engine  develops  several  very  interesting 
advantages.  The  steam  passages  become  singularly  direct, 
clearance  spaces  small,  and  the  general  compactness  is  rather 
conducive  than  otherwise  to  the  lessening  of  heat  wastes.  All 
strains,  barring  those  due  from  the  angularity  of  the  connecting 
rods,  are  transmitted  along  the  centre  line  of  the  engine,  and 
the  greater  number  of  the  construction  details  take  naturally 
that  form — the  round^ — which  is  without  question  the  most 
favorable  for  shop  manipulation. 

I  need  not  enlarge  on  the  evident  fact  that  the  valve  friction 
is  no  greater  than  the  amount  due  to  the  tension  of  packing 
rings.  In  this  sense,  then,  the  valve  is  unquestionably  balanced. 
From  another  jDoint  of  view  it  may  at  first  sight  ajDpear  that  the 
valve  suffers  resistance  to  motion  in  overcoming  the  unbalanced 
steam  pressure  which  is  allowed  to  act  with  full  force  on  the 
top  spool.  But  while  this  pressure,  of  course^  is  a  load  on  the 
up-stroke,  it  tends  on  the  down-stroke  to  assist  the  crank,  so 
that  the  total  effect  should  be  nil. 

It  would  not  be  necessary  to  allow  any  top  pressure  at  all 
when  the  gear  is  used  in  a  slow-running  engine.  But  in  con- 
nection with  the  higher  rotative  speeds,  the  frequency  of  stress 
due  to  oft-arrested  momentum  of  the  valve  mass  would  seriously 
tend  to  rupture,  if  not  neutralized.  The  same  force  will  also  in 
a  high-speed  engine  cause  destructive  hammering  in  the  eccen- 
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trie  strap,  so  soon  as  wear  has  developed  lost  motion.  A  con- 
stant pressure  on  top,  however,  will  absorb  the  momentum,  and 
keep  the  wearing  parts  in  unchanging  contact.  All  stress  in  the 
moving  parts  of  the  gear  is  by  this  means  converted  into  com- 
pression, which  state  of  things  has  the  incidental  advantage  of 
lessening  the  "  fatigue  "  in  the  materials  used,  for  the  reason 
that  no  stress  is  reversed  in  direction. 

A  summary  of  the  various  characteristics  possessed  by  this 
valve  gear  brings  out  a  very  flattering  result : 

Minimum  number  of  parts  and  simplicity  of  form  and  con- 
struction ;  a  free  inlet  and  release,  and  a  cut-off  so  sharp  as  to 
rival  even  a  Corliss ;  a  balanced  valve  of  the  piston  type,  with 
very  small  clearance  spaces,  and  which  by  virtue  of  its  position 
is  easily  kept  steam  tight ;  great  facility  for  varying  the  cut- 
off; perfect  adaptability  to  the  difficulties  of  high  rotative 
speed. 

Such  are  in  brief  its  leading  advantages.  I  can  think  of  but 
two  shortcomings.  One  is  that  the  limit  of  its  general  adoption 
in  the  form  here  represented  is  reached  in  an  engine  having  sin- 
gle-acting cylinders  only.  The  other  is  the  difficulty  of  arrang- 
ing it  to  run  reversing.  The  first  objection,  and  perhaps  the 
second  as  well,  will  have  but  slight  effect  on  its  destiny,  inso- 
much as  its  proper  field  of  action  will  be  confined  to  the  high- 
speed engine  where  single-acting  cylinders  will  in  all  probability 
prevail. 

DISCUSSION. 

Mr.  A.  F.  Nagle. — It  occurs  to  me  to  suggest  that  this  paper 
would  receive  great  additional  value  if  the  author  would  accom- 
pany it  with  an  analysis  of  the  valve  gear,  showing  the  opening 
of  the  ports  in  proportion  to  the  piston  movement,  in  particular. 
It  has  been  claimed  for  this  engine  by  some  that  the  valve  action 
is  quicker  than  any  ordinary  engine,  and  if  this  is  so,  it  should 
have  been  demonstrated  by  the  necessary  diagram.  Some  inves- 
tigations of  my  own  have  induced  me  to  the  belief  that  the  valve 
opening  is  the  same  as  that  of  the  ordinary  slide  valve  operated 
by  the  usual  eccentric  motion. 

I  would  suggest,  further,  that  the  indicator  card  should  be 
supplemented  by  data  concerning  the  size  of  cylinder,  piston 
stroke,  port  areas,  clearances,  etc.  I  would  like  to  see,  also,  the 
combined  diagram  with  the  theoretical  curve  drawn  thereon. 
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Mr.  WaliDorih. — I  would  like  to  ask  the  writer  what  velocities 
are  used  in  these  engines. 

Mr.  Svenson. — In  regard  to  Mr.  Nagle's  remark  I  would  simply 
say  that  I  rather  hesitated  to  go  into  a  lengthy  description  of 
the  valve  gear.  Complicated  diagrams  I  thought  unnecessary. 
I  should  have  been  very  pleased  to  present  them,  had  I  thought 
they  would  be  asked  for. 

In  regard  to  the  speeds,  I  would  say  that  the  rotative  speed  is 
500  revolutions  per  minute  in  a  small  engine,  say  of  50  horse- 
power, and  300  revolutions  in  an  engine  of  500  horse  power.  The 
stroke  is  very  short,  being  only  six  inches  in  a  100  horse-power 
engine.  The  piston  speed  is  low.  The  average  piston  speed  is 
500  feet  per  minute.  Of  course,  the  low  speed  brings  about  those 
various  advantages,  such  as  reduced  wear,  dangers  from  water, 
and  so  forth,  that  the  other  high-speed  engines  having  high 
rotative  speed  do  not  possess. 

In  replying  further  to  the  criticisms  of  Mr.  Nagle,  the  author 
may  be  permitted  to  remark  that  while  it  is  true  that  the  begin- 
ning of  the  steam  inlet  openings  are  quite  similar  in  this  gear 
to  that  of  an  ordinary  slide  valve,  yet  it  should  be  carefully  re- 
membered that  the  valve  has  nothing  to  do  with  the  closing  of 
the  inlet  ports,  so  that  it,  therefore,  needs  not,  and  it  does  not, 
begin  its  return  stroke  immediately  after  full  opening  of  the 
inlet  ports,  as  is  the  case  in  an  ordinary  slide  valve.  Hence  it 
follows  that  the  inlet  area  is  not  gradually  decreased  towards 
cut  off,  as  in  an  ordinary  slide  valve  gear.  It  is  this  peculiarity 
which  makes  the  end  of  the  admission  period  so  different  from 
that  produced  by  the  valve  motion  referred  to  by  Mr.  Nagle. 

I  will  also  take  the  opportunity  to  note  that  the  travel  of  the 
valve  is  constant,  no  matter  at  what  point  the  steam  is  cut  off. 
This  means  not  only  full  port  opening  at  the  early  cut-offs, 
but  also  the  absence  of  that  uneven  wear  of  the  valve  face  which 
soon  makes  an  ordinary  slide  valve  leaky. 
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DCCXCIV.* 

THE  GENERATION  AND  UTILIZATION  OF  STEAM  BY 
THE  LYKENS  VALLEY  COAL  COMPANY  AND 
SUMMIT  HRANCII  COAL  COMPANY,  DAUPHIN 
COUNTY,    PA.     • 

BY   II.    V.    NOKKIS,    WILKESBARUE,    PA. 

(Member  of  the  Society.) 

Introduction. 

The  following  report  was  made  at  tlie  instigation  of  Mr.  Mor- 
ris Williams,  manager  Pennsylvania  Railroad  Coal  companies, 
and  is  published  with  his  permission.  The  original  intention 
was  to  discover  and,  if  possible,  to  remedy  a  large  discrepancy 
in  the  amount  of  coal  used  for  firing  at  the  two  collieries,  and  to 
point  out  the  directions  in  which  improvements  could  be  made. 

No  attempt  was  made  to  attain  scientific  accuracy,  but  the 
work  was  done  as  well  as  practicable  with  the  appliances  at 
hand.  The  plants  examined  represent  rather  better  than  aver- 
age anthracite  practice,  especially  as  to  the  boilers,  a  consider- 
able proportion  of  which  are  of  the  water-tube  type.  The  fuel 
was  "  Lykens  Valley  red  ash  "  buckwheat  coal,  a  semi-anthracite, 
and  with  excellent  steaming  properties,  which  accounts  for  the 
high  evaporation  of  the  cylinder  boilers. 

The  practical  results  of  the  work  thus  far  have  been  the 
shutting  off  of  twenty  cylinder  boilers  at  the  Williamstown  and 
six  at  the  Bear  Yalley  Shaft  plant,  the  833  horse-power  of  the 
former  representing  the  saving  of  steam  due  to  repairing  the 
lines,  setting  valves,  etc.,  no  other  changes  having  been  made. 

Maps  and  Tables. — The  following  reproductions  of  maps  and 
tables  are  attached : 

Map  A.     L.  V.  C.  Co.,  map  of  outside  steam  lines. 
"    B.     L.  V.  C.  Co.,  map  of  inside  steam  lines. 
"    C.     S.  Br,  C.  Co.,  map  of  outside  steam  lines,  Williamstown. 

*  Presented  at  the  New  York  meeting  (November,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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Map  I).     S.  Br.  C.  Co.,  miij)  of  inside  steam  line,  Willian;stowu. 

"    E.      S.  Br.  ('.  Co.,  map  of  steam  lines,  Bear  Valley. 
Table  No.   I.     Schedule  of  dimensions  of  boilers,  L.  V.  C.  Co. 

2.  "         "  "  "        "         S.  Br.  C.  Co. 

3.  Boiler  tests,  L.  V.  C.  Co.  and  S.  Br.  C.  Co. 

"         4.  Comparative  test  of  blower  and  fan  draught. 

"         5.  Engines  and  pumps,  sizes  and  performance,  L.  V.  C.  Co. 

6.  "  "         "  "       "  "  S.  Br.  C.Co. 

"         7.  Indicator  cards,  engines  and  pumps,  L.  V.  C.  Co. 

8.  "  "  "  "         "        S.  Br.  C.  Co. 

"         9.  Steam  lines,  lengths,  and  condensation  losses,  L.  V.  C.  Co. 
"       10.  "  "  "  "  "  "       S.  Br.  C.  Co. 

"       11.  Steam  generated  and  used,  L.  V.  C.  Co.  and  S.  Br.  (\  Co. 

"       12.  Tab'e  of  friction  and  condensation  losses  in  steam  lines. 

Boilers. — The  boiler  plants  examined  and  tested  comprised  in 
all  56  cylinder  boilers  and  540  liorse-power  of  Babcock  k  Wil- 
cox boilers,  belonging  to  the  Lykens  Valley  Coal  Company,  and 
^Q  cylinder  boilers,  300  horse-power  of  return  tubular  and  2,300 
horse-power  of  Babcock  <fc  Wilcox  boilers,  belonging  to  the 
Summit  Branch  Coal  Company.  The  details  of  sizes  and  loca- 
tion of  these  are  given  in  Tables  Nos.  1  and  2  attached. 

Boiler  Tests. — Extended  tests,  each  of  several  days'  duration, 
under  ordinary  working  conditions,  were  made  on  all  the  im- 
portant plants  (see  Table  No.  3),  and  indicator  cards  were  taken 
from  all  steam  cylinders  supplied  by  each  plant  during  its  test. 

Fuel  and  Ashes. — The  fuel  and  ashes  were  measured  in  cars 
struck  off  level  full,  and  the  weight  per  cubic  foot  determined 
by  samples  of  ten  to  twenty-seven  cubic  feet,  dried  and  packed 
under  the  same  conditions  under  which  the  measurements  were 
made,  which  accounts  for  the  large  variation  in  weight  per  cubic 
foot,  varying  from  47.4  pounds  in  the  first  Williamstown  test, 
where  the  cars  were  levelled  off  at  the  loading  point,  to  55.4 
pounds,  when  they  were  transported  to  the  boiler  houses  before 
levelling  off. 

Water. — The  total  water  for  tests  of  the  large  Lykens  Yalley 
and  Williamstown  plants  was  measured  in  tanks  and  divided  in 
the  Lykens  Yalley  test  by  meters  on  the  Babcock  &  Wilcox 
boilers,  and  in  the 'Williamstown  tests  by  meters  on  the  two 
Climax  boilers  and  counters  on  the  high  and  low  pressure  feed 
pumps ;  the  meters  and  counters  were  read  at  starting  and  quit- 
ting time  each  day,  and  the  slip  of  the  high  and  low  pressure 
pumps  determined  by  solving  simultaneous  equations  obtained 
from  these  intermediate  readings,  and  the  total  water  measured 
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iu  the  tanks  on  which  intermediate  readings  were  taken  at  the 
same  time. 

The  water  for  the  smaller  tests  of  Bear  Valley  shaft  and  Slope 
and  of  the  Big  Lick  plants  was  measured  by  meters. 

All  three  meters,  lUinch  by  -'>-iuch  Trident  and  l.i-inch 
Worthington,  were  tested  during  the  .trials  and  the  corrected 
results  used ;  the  tanks  were  also  tested  for  leakage  and  correc- 
tions made  for  same,  which  proved  to  l)e  very  slight. 

The  methods  adopted  of  dividing  the  feed- water  are,  of  course, 
open  to  criticism,  but  they  seemed  the  best  with  the  appliances 
available  ;  the  3-incli  Trident  meter,  being  borrowed  after  the 
Williamstown  tests,  was  not  available  for  them. 

Color imder. — It  w^as  impracticable  to  make  calorimeter  deter- 
minations of  the  quality  of  the  steam  at  regular  intervals  ;  a  few 
were  made,  however,  and  averaged.  The  Bear  Yalley  shaft 
cylinder  boilers  are  known  to  have  primed  badly  at  times  during 
the  test,  and  the  evaporation  found  is  probably  high  ;  this 
priming  w^as  also  evinced  by  the  very  wet  steam,  19 1%  per  cent, 
moisture  at  the  foot  of  Summit  Slope. 

Evaporation. — The  various  plants  tested  gave  evaporations  per 
pound  of  combustible  from  and  at  212  degrees,  as  follows  : 

B.  &.  W.  Cylinder.       Eet.  Tub. 

Williamstown  (breaker  coal) 9. '22  7.53 

Williamstown  (separator  coal) 10.54  6.69 

Bear  Vallev  Shaft 10.00  8.13 

Bear  Valley  Slope 9.44 

Big  Lick  Slope 7.54 

Lykens 9.22  7.75 

It  is  noticeable  that  the  Babcock  and  Wilcox  boilers,  at  TTill- 
iamstown  and  Lykens,  gave  exactly  the  same  evaporation  dur- 
ing tests  of  several  days,  duration,  though  the  Lykens  boilers 
were  worked  18  per  cent,  over  and  the  Williamstown  18  per 
cent,  under  their  rating.  The  very  low  evaporation  of  the  Big- 
Lick  plant  is  unquestionably  due  to  the  water  of  condensation 
from  1,250  feet  of  8-inch  pipe  and  ],250  feet  of  2-inch  pipe  run-, 
ning  back  into  the  boilers  ;  this,  amounting  to  about  550  pounds 
per  hour,  was  reevaporated  from  the  temperature  of  the  steam, 
which  would  increase  the  evaporation  from  7.54  pounds  to  about 
8.37  pounds,  which,  considering  that  the  boilers  were  run  but 
about  44  per  cent,  of  their  rating,  is  not  so  bad. 

The  total  horse-power  (^boiler)  of  the  Bear  Yalley  Shaft  plant 
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TABLE  3.— BOILEE   TESTS,    APRIL   AND   MAT,    1898. 


Worting  or  Hie  Time  at  Colliery.. 


iiiR-(l  per  hoar  .. 
n„simiL.diiL.rh<.u 
„.,.-.ll»Til,y., 


,.ri«r  po'iuid  dry  coal  l_  n. 


Summit  Brancit  Coal  Company. 


BoiLEB  House— Break 


24:  30"  «  42' 0" 


1,360.458 

81.30) 

1,750,787 


6.1) 
6.31 
7.63 

6.45 

12.6 
8.6 
77.3 

""i'.i  " 

109.9 

2.500 

1,031 

0.45 

;.240 

1,887.160 

4,301.496 

35.258 

6.48 


Waste  Heat  Climax, 
2.400  H.-P.  =  SOO  H.-P 


600,810 
666,810 
12.464 


i?N  B,  H.— Skpara' 


May  1,  8.3 
22 

1,116 
10.064 
9  10  1 


232,572 
12,282 
10.571 


'i.'m 

8.85 

6.42 

..... 

.4 

13.0 
4.3 
91.8 

3,659 

3.949 

o!36 

499,272 
'520.600 


481,244 
21.875 
625.000 


Beau  Valley  Shaft  Boili 


256,42:i 
5,806 

i26,g; 


368,962 

4.855 

110.520 

'416.226 


Woiblng.     Idle. 


y  0, 1898, 
-30 
41 
U.263 


*  Including  heatinp  feed-^ 


r  for  B.  &  W.  bollcra. 


y  Combination  24  cylindera  and  2  Climax  boilore.    ThoHo  24  cylinderd  burned  approitlroatoly  40  per  c 


u  coal  tbaii  balance  of  cylii 


U'.,rtiiig. 

May  6.  ls[ 

«i 

;3U 

.V,wl 

.....J...., 

""a)    'i 

mm 

^n^ 

■;.57f 

S.lOl 

9.5 

311.280 

3 
I4D..380 

.v.1,50- 

141.907 

i:,41! 

0.587 

136.144 

j.,M».a4f 

'.:I7II.0I!2 

174.3011 

I9,7K 

7.923 

0.78 

7.118 

1I.10> 

o.aa 

!.7 

••■•jj-- 

08.4 

110.0 

53 

280 

300 

H.O 
0.51 

TABLE  3.— BOILER   TESTS,   APRIL  AND  MAT,   1898. 


R.  Van  A.  Nonais. 


MMiT  Brasch  Coal  Compast, 

Lykens  Valley  Coal  Cosipahy. 

^-  H.— Skparatok  Coal.                                 Beak  Valley  Shaft  Boiler  House— Breakeh  Coal. 

Bear  Vallev  Slope- 
Breaker  Coal. 

Greenfield 
Pnwp. 

Bio  Lick 
Slope. 

L.  V.  C.  Co.  "Bull"  and  "New"  Boiler  Houses- Breaker  Coal. 
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was  but  572,  wliicli  could  be  n^adily  taken  care  of  by  the  540 
horse-power  of  Babcock  and  WikM)x  boilers,  allowing  the  less 
economical  cylinder  boilers  to  remain  idle.  (This  has  since  been 
done.) 

The  evaporation  of  the  combination  of  24  cylinder  boilers, 
with  two  400  horse-power  Climax  boilers  utilizing  the  waste 
heat,  is  only  a  rough  approximation,  no  attempt  having  been 
made  to  test  these  24  cylinders  apart  from  the  other  86.  They 
consumed,  approximately,  40  per  cent,  more  coal  than  any  other 
24  boilers,  and  in  getting  at  the  economy  of  the  combination  it 
was  assumed  that  the  cylinder  boilers  maintained  the  average 
evaporation  per  pound  of  coal  of  the  whole  60  tested. 

Bloivers. — It  will  be  noted  in  Table  No.  11  that  a  very  large 
amount  of  steam  is  consumed  by  the  blowers.  The  quantity, 
830  pounds  steam  per  ton  coal,  is  based  on  tests  made  by  Messrs. 
McKay  and  Bauer,  Table  No.  4.  This  could  be  reduced  to  at 
least  one-third  by  the  use  of  fan  draught,  and  in  most,  if  not  all 
cases,  there  appears  to  be  sufficient  exhaust  steam  available 
within  reasonable  distance  to  turn  into  the  blast  and  jDrevent 
burning  out  of  the  grate-bars.  The  experiments  referred  to 
were  made  wdth  a  fan  of  very  low  efficiency,  and  even  that 
showed  a  great  difference,  over  50  per  cent.,  in  its  favor. 

Safety  Valves. — The  leakage  of  safety  valves  is  of  sufficient 
importance  to  make  an  item  in  Table  No.  11.  It  seems  im- 
practicable to  prevent  some  leakage  from  safety  valves  of  the 
weighted  type  ;  the  remedy  would  be  either  to  use  spring  valves 
or  to  utilize  the  escaping  steam  either  to  heat  feed-water  or  to 
turn  into  a  fan  blast. 

Feed-heating. — The  feed-w^ater  for  one  of  the  Lykens  Valley 
and  the  Bear  Valley  shaft  boiler  houses  is  heated  by  exhaust 
steam,  much  hotter  than  any  other  feed ;  at  the  William stown 
boiler  house  the  exhaust  from  the  conveyer  engine  and  low- 
pressure  feed-pump  is  utilized  to  assist  the  heating  from  stack 
tanks,  and  such  heating  has  been  allowed  for  in  the  boiler  tests. 
Wherever  any  exhaust  or  escaping  steam  is  available  it  should 
be  utilized  for  feed-heating,  and  even  though  a  very  considerable 
length  of  exhaust  pipe  may  be  required  it  will  be  found  profit- 
able. 
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Botler-houHe  PijuiKj. — TIk;  pipinj^  in  the  l)oiler  houses  was 
found  in  oxceUont  condition,  exc('])t  for  a  few  leaky  joints  which 
coukl  not  be  rei)Jiir(Ml  without  sliutting  down  the  entire  plant, 
and  during  the  Lykc^ns  test  the  whole  l)oiler  house  was  shut 
down  for  over  two  hours  on  account  of  a  blown-out  joint  in  the 
main  drum.  It  seems  that  in  the  future  it  would  be  worth 
while  to  try  to  pipe  all  boiler  houses  in  duplicate,  so  that  any 
joint  might  be  gotten  at  for  repairs  without  shutting  down  the 
entire  plant ;  the  secondary  piping  could,  if  desirable  to  avoid 
condensation,  be  just  of  sufficient  capacity  to  carry  the  steam 
with  the  maximum  allowable  loss  in  pressure. 

Power  and  Coal  ConRwmptlon. — The  total  boiler  horse-power 
of  the  two  companies  and  coal  consumed  was  found  to  be,  under 
ordinary  working  conditions  : 

„   .,  Coal  per  Month. 

Boiier  04  Workin-,'  Days. 

Horse-Power.        ^  ^^^^  j^^ys. 

L.  V.  C.  Co.  Tons. 

Colliery  plant 3,123  4,486 

Fresh -water  plant 200  345 

Total 3,323  4,831 

S.  Br.  C.  Co. 

Williamstown  plant 4,321  5,952 

Bear  Valley  Shaft : 567  829 

Bear  Valley  Slope 230  277 

Greenfield.' 84  128 

Big  Lick Ill  120 

Total 5,313  7.306 

Cost  of  Steam  :  j^^r  Boiler  Horse-jjoiver. — From  the  boiler  test 
the  cost  of  steam  per  boiler  horse-power  at  the  various  plants 
approximates  as  follows,  estimating  the  buckwheat  coal  used  at 
75  cents  per  ton,  including  labor  of  firing  and  removal  of  ashes, 
and  the  interest,  depreciation,  and  repairs  to  boiler  plants  at 
15  per  cent,  on  $10  per  horse-power. 
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1 

TABLE  5. 

—LYKENS  VALLEY  COAL  COMPAJSTf- 

-ENGINES  AND  PUMPS, 

MAY, 

1898. 

. 

Descbiptios. 

1 

1 

i-. 

-i 

8 

Location. 

Steam  CTUNDins. 

Water  Data. 

Hoisting  Data. 

Speed. 

Power  a 

<D  Stea)i  Economy. 

Steam  Consumption. 

1  ill 

m 

1  ■:<« 
ill 

Remauk, 

u 

1?, 
a 

t 

In. 
36 
36 
22 

ie 

5 

In. 
4 

3 

.1 

1 

1 

Yes 
Yes 
Yes 

s 

Yes 
Yes 
Ves 

66 

11  II 

11 
If 

1 

1 

1" 

In. 

1 

s 

i_ 

In 

1 

Ft. 

II 
•i . 

Ft. 

S 

K 
Revs 

1 

No. 

ti 

No 

a 

No. 

■1 

a 
I 

B 
1 
Lbs. 

Revs 
58 
60 
45 

|S 

'!"' 

Revs 
58 

1 

1 
ll 

a 

la". 
Ill 

ii 

Ib1I 

1. 

Ei 
in 

11 

oB 

1" 

1 

Si.; 

l|i 
ill 

I 

Pan  engine 

i 

i 

Short  Mt 

East  drift  L.'v.'!/.!'.'.'.. !!!!!! 

No. 
I 

1 

"i" 

2 

1 

2 

"T 

1 
1 
1 
I 
1 
2 
2 

9 

I 
2 
2 

9 
1 
2 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 

^\ 

ll 
21 

IT 

In. 
24 
24 
12 

In. 

38 
3i 

^ 

B 

B&E 

C 

c. 
c. 
c. 

Atmosphere 

Lbs. 
8.7 
8-1. 
23.7 

H.-P. 
41.4 
41.2 
13.7 

Lb. 

uA 

E.  47,  w    50 

;•• :  r 
r,>  0 
:1JS 
."'1.1 

Lbs. 
81.4 
86.5 
50.9 

Lbs. 

3.370 

3,564 

695 

Lbs. 
3,370 
3.564 
695 

Lbs. 
80,900 
85,500 
16,700 

Lbs. 
80.900 
85,500 
16,700 

Lbs. 
8O,90< 
85,60< 
I6,7« 

Lbs. 
80,900 
85,500 
16,700 

997  00 

1,0(«  00 

8  00 

Single  elope,  sloam  |icr  hoist  fori'iuiij  trip. 

Double  slope. 

Lower  by  liook  lever.    Steam  for  r.puiiil  irip 

"Poore"  valve. 

1    1  I'l'.  1  I'l  Jill.     -l,..|i  nnly. 

'I'll'       ii'ii  iirid  sawmill.    Sawiiij; 

•X""            ,  ■  M.erday, 

Fly-whcol  pump. 
Proper  «(roito.l'J  fn. 

Culctiluled  ttoin  heating  of  water,  :.'Jri,7'ii'  llw 

Evlrii pump  ran  12U  revs,  during  tMvr  test. 
Avif.  /o  rvvH.  pL-r  min.  during  bollor  test. 

Extra  pump  ran  180  rovB.  during  toiler  teat. 
Sxtrii  piirii|)  ran  ino  iovh.  during  linllor  tcHt. 

[rhvw  two  piimiiB  are  run  altomatily. 
No.  8  was  running  during  boiler  i<  ''t. 

Piimptt  not  iimnliig  nut  included  in  •  rolais. 
Sk'iuii  |»T  Jl.-l',  pLThr.  live,  of  all. 

l« 

18 
27 
16 
12 

4 

60 
48 
36 
24 

C 
B 

M&N 
BoU.  H. 

Yes 
Yes 
Yes 
No 

Yes 
Yes 
Yes 

No 

i  turn  o. 

C. 
i turn  o. 

0. 

Atmosphere 

Ditch 
Atmosphere 

150 
170 
128 
250 

C.    50 

A.    36 

210 

103 

17 

100 
40 
250 
150 
25 

12' 
10 
8 
10 

i,o;o 

760 
80- 
209 
123 

60 
60 
64 
130 
110 
102 

100 

60 

[l30 

25.2 
27.0 
16.4 

400.0 
192.6 
340.0 
275.0 
22.9 

E.  63,  W.  6v 
68.0 
75.5 
35.0 

[6,010 
16,947 
2,152 

13,740 
20,176 
3,130 

80,100 
169,500 
21,50( 

183,100 
9,100 
8,100 
1,700 

183,10C 
137,400 
201,800 
31,300 

183,100 
9,100 
8,100 
1,700 

2,007  00 
633  00 
1,685  00 

13D 

'air  hoisting  engines 

\ccommodalion  engine 

No  4Slopc 

BullSlope 

Hoisting  engines. totalaandaverages 

breaker  engine 

■separator  engine 

Electric  haulage  engine 

Lirye  shop  engine 

■^tmW  shop  engine 

1,038. 

160.3 
79.7 
41.2 
23.3 
41.6 
5.7 
3.4 
3.4 

58.0 

45.0 
37.2 
76,5 
172.0 
60.9 
72.0 
119.1 
119.1 

27,195 

7,0.'M 
2,965 
3,337 
1,678 
2,117 
414 
101 
101 

37,176 

7,031 

2,966 

3,908 

[    1,788 

160 
150 

273,200 

70,300 
29.600 
33,400 
17,000 
4,100 
1,01)0 
1,000 

20,100 

8?3,000 

70,300 
29,600 
39,100 
17,900 
4,100 
1,600 
1,500 

20,100 

2.218  00 
106  00 

'ssi'oo' 

3.-,2  00 
39  00 
14  00 
M  110 

Z 

Lykens  Valley  Breaker 

*'            Separator 

Blackamitli  shop  and  saw  mill 

L.V 

L.V.bank 

22 

Hi 

14 

14 
9i 
6) 
5» 

3J 

28 

35 

48 
22 
48 
24 
12 
7 
7 

T' 

A 
A 
B 
B 
B 
C 
B 

Yes 
Yes 

.... 

No 
No 

Yes 
Yes 

No 
No 

c. 

8; 

'oV' 

0. 

Atmosphere 

65 
84 
88 
120 
80 
130 
160 
160 

65 
84 
88 

26.1 
42.5 
14.0 

27^4 
11.1 
12.5 
12.5 

'   0 

1'    J 
i:  ij 

11  S 

m  per  H.-P. 

'of  time. 

W 

Misc.  outside  engines.totals  aad  avs. 
I'tiiicr  feed  pump 

321. 

5.0 
4.3 
7.3 
4.8 
57.7 
10.7 

49.0 

68.5 
61.0 
57.7 
63.0 
45.1 
708. 

16,710 

293 
265 
421 
305 
2,607 
7,677 

16,409 

410 
371 
685 
431 
2,007 
8,000 

7,000 
8,400 
10,100 
7,300 
26,100 
76,800 

0,000 
5,500 
8,000 
0,000 

164,000 

9,800 
8,90( 
14,000 
10,300 
26,100 
80,001 

8,400 
7,600 
12,000 
9,000 

919  00 

,«  00 
53  00 
74  00 
03  00 
02  00 
l,.')2a  00 

vi 

Bull  boiler  house,  end  

side 

e 

10 
10 
25 
» 

12 
12 
lOj 
lOi 
1041 

n 

H 

'i" 

Boll.  H. 
Boil.  H. 
Boil.H. 
Boll.  H. 

D 

A 

No 
No 
No 
No 

N.| 

No 

No 
No 

.No 

0. 

c. 

i  turn  0. 

Heater 

Atmosphere 
Heater 
Column 

4 
4 
6 
6 
12 

50 
50 
18 
17.7 

70 
70 
25 
25 

23.1 
28.5 
48.9 
33.9 
18.8 

Mine  water  to  breaker 

"i' 

"'m' 

ide  pumps,  totalsand  averages  . 

per  hour. 

89.8 
68.4 
80.5 
19.7* 
61.0" 
39.9 
39.2» 
62.2 
56.6 
47.4* 
3S.6 
63.0 
69.9 
46.0* 
46.9« 
46.1 
38.5 

127.7 
49.1 
67.0 

■S3.a 

54.0 
66.0 
62.8 

63.6 
56.5 
59  8 
60.5 
411.7 
39.4 
3T.7 

11,468 
3,210 
4,683 
1,247* 
3,31S» 
2,192 

ii,m 

3,593 
2,680» 
2,309 
3.664 
3,480 
3,668« 
3,189 

12,404 
8,691 
6,940 
4,368 
4,464 
5,634 
3,M5 
6,789 
6.071 
3,484 
3,652 
5,580 
4,913 
0,937 
6,034 

132,700 
77,800 
111,200 
100 
8,000 
62,600 

88,700 
86,200 
300 
65,400 
85,500 
83,500 
1,800 
76,600 

25,500 
77,800 
111,200 

MOO 
62,000 

8«',76d 
80,200 

■  65,4011 
85,.50O 
83,000 

70,500 

140,100 
88,000 
142,600 
106,800 
107,100 
135,200 
73.100 
138,900 
121,700 
83,000 
85,200 
183,900 
117,000 
106,500 
141,800 

37,000 
88,000 
142,000 
105,800 
107,100 
135,200 
73,100 
138,900 
121,700 
83,600 
85,200 
138,900 
117,900 
100,600 
144,800 

1,827  00 
3.56  00 
808  00 
202  00* 
618  00* 
304  00 
285  00* 
088  00 
768  00 
440  00* 

602  00 
887  00 

1- 

1 

8 
i 

3 
4 
1 
2 
8 

1 

Bull  B.  H.  pumps,  No.  1  Level 

44 
22 
26 
38 
36 
25 
33 
30 
27 
27 
38 
30 
24 
38 
25J 
38 

6i 
33 

i 
I- 
3S 

ll 
1 

116 
36 
07 
70 
70 
711 
70 
69 

106! 
68 
6il| 
691 
}36 
1-36 

7 
6 
3 
4 

3 
4 
3 
3 
3 
4 

a 

5 
5 

Boil.  H. 

K 

K 

K 

I&J 

I&  J 

I' 

P 

M 

I  &J 

F 

F 

P&  Q 

P&Q 

Nu 

No 

J  tamo. 
,'.tnmo. 

Heater 

Syphon  condenser 

Tank 

Tail  pipe 

Syphon condenser 

Tank 
SyphoD  condenser 

Ditch 
Syphoncondenser 

Tail  pipe 
Syphoncondenser 

2U 
9A 

lit 

m 

128 
I2i 
128 
16 
141 
10 
10 

20 
10 
12 

14 
12 
8 

i\ 

8 
10 
12 
10 
10 
10 

SSO 
541 
121 
568 
620 
489 
485 
420 
492 
325 
325 
342 
358 
800 
800 

319 
I- 318 
293 
317 
331 
831 
328 
828 
321 
321 
.126 
326 
673 
660 

19.5 
4 
6 

1' 
5J 

8.5 

5 

6.5 

^*5 
91 
91 

41 

25 
14 

8 

9 

9 

9 
12 

61 
10 
9 

17i 
171 

37.6 
31.1 
2T.6 
25.1 
31.5 
30.6 
27.0 
27.2 
30.8 
30.1 
27.4 
33.0 
26.75 
12.30 
26.8 
10.1 

Jit 
MS 
5<« 
r,(i,« 
.',u  9 
Is.O 
55.0 
.'..S,8 
,',H 

;''■' 

f   -^ 

Ji  Allen  pump 

Ji  pump    

-•■■■:&  Bunniin  pump  '...'.'.'. 

n  pump 

No.  2  Level,' Ljkj  Vn..'.'.'.'..' '. '. 
White's  Vn.'.'!!'.'. 

No.  3  Level 

i 
S 

S 

S 
1 

1 

i 

\''<\~"T.  i  Bannanpump 

a:. .:._.!.  jiump 

ille  compound  duplex  pump, . , 

11- 

1        '       Mine  pnmps  totals  and  avern«eB 

569.8> 

52.8" 

30,131* 

68,602 

727.700 

726,400 

1,644,000 

1,641,900 

4,411  00 

1        '    Entire  Collierj- Plant,  totals  and  av8  . 

— 

— 



— 

~ 

77. 

3 

z: 

37 

777. 

2,114.9 

57.7 

92,163 

142,119 ' 

1,474.000 

054,100 

2,614,700 

1,886,100 

1,452  00 

LYKENS  VALLEY  COAL    COMPANY— FRESH-WATER  PUMPING  'STATION. 


.  If  resh-water  pump  station  . 
.  Lykena  electric  plant    . . . . 


bwaterPnmp  Sta.  totals  and  e 


991 

1,195 

80 

3.580 

2,720 

19,000 

16.000 
19,900 
600 
48,300 
36,700 

23,800 
28,700 
600 
48,300 
36.700 

19,000 
24,000 

48.800 
86.700 

180  00 
270  00 

8,666 

106,600 

103,600 

138,000 

138,000 

460  00 

f  TIk'Ho  two  pumpB  usually  run  alt'Tniilcly. 
Ruhh  1  of  time. 

Said  t<»  ho  avp.  conditions.    Avg.  worli  I3i  hrs 
Not  carded,  data  njiproxiraato,  nvg.  work  l^i  b 
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TABLE   6.-SUMMIT  BRANCH  COAL   COMPANY-ENGINES   AND   PUMPS,   APRIL  AND   MAY, 


R.  V.vH  A,  K0BR19. 


c 


Hoisting  Data. 


Ft.     Revs.  I  No. 
WILLIAMSTOWN  PLANT. 


PowEn  it  Steam  Economy, 


Steam  Consumption. 


Lbs  I  H.-P.  I  Lbs.  I    Lbs.      Lbs. 


n^ine,  totals  and  averages .  . . 

1 

No.  1,  or  South  fan 

No.  2,  or  Norm  tan 

iQsidefan.    Tunnel  Lev 

1 
1 

~3 

3 
2 

2 
2 

I 
1 
1_ 
i 
.... 

r 

2 

1 

2 
5 

1 

1 

2 

1 
1 
1 
1 

1 
1 
1 
2 

14 

24 
24 
14 

i 

36 
36 
33 

4 

E 
E 
C 

Yes 
No 

Yes 
No 

0. 

C. 

J  turn  0. 

Atmos. 

!!!!!! 

61 
60 

10.71         55.8 
7.9:,         39.3 
13.1           10.1 

«5.7 
77.0 
63.4 

49.2 
•50.0 
44.3 
88.4 
33.5 
133.5 
80,0 

33.5 
63.7 
31.8 
65.4 
45.2 
66.8 
61.0 

'i83!6 

48.0 
62:5 

69.0 
69.5 
63.9 
52.4 
65.0 
42.6 
67.3 
47.8 
63.9 
47.3 
48.8 
56.6 

76.5 
88.5 
72.9 

4,177 
3,480 
736 

4,177 

3,480 

736 

100,100 
83,500 
17,700 

100,100 
83,500 
17,700 

100,100 
83.500 
17,700 

100,100 
89,600 
17,700 

964  00 
988  00 
173  00 

ng  engines 

Dgine 

No.3S]opc 

No.  i  Slope 

No.  2  Br.  coai  "plane '!!!!!!!!!!! 

dirt       ■•      

Separator  plane 

26 
12 

io' 

8 
14 

4| 

3* 

48 
30 

'ii' 

10 
30 

3 

.    C 
B 

'BoiLH.' 
A 
6 

No 

'no' 
Yes 
No 

No 

'No' 
Yes 
No 

J  turn  0. 
0. 

■*V°'' 
0. 

Syp.con. 
Atmos. 

.... 

108  j 
2T4 

'iiii' 

450 

C.  110 
A.    20 
C.  160 
A.    15 
98 
67 

150 
80 

200 
15 

120 
90 

[20 

'is' 
.... 

1,078 
270 

18.9 
'       30.5 

Empty 

Hoistmg . . . 

M 
100 
120 
200 
216 

60 
136 

40.6  1      6S8.0 

27.8  »93.0 

27.9  106.4 
29.4          62.8 
14.1           17.4 

4.5  :       r>.o 

14.4          46.3 

80.8 

53.1 
•55.0 
47.8 
32.7 
.38.5 
153.6  1 
93.01 

8.393 

9.903 
•3.001 

2,518 
173 
123 

1,350 

8,393 

12,950 
•4,000 
3,357 
213 
165 
1,360 

201.300 

128,700 

39,000 

•32,700 

1,800 

8,000 

201,300 

16,000 
4,000 
•3,300 

13,500 

801.300 

168,400 

•58,000 

43,600 

8,800 

2,700 

201,300 

20,000 
•4,000 
8,300 

13,600 

3,124  00 
445  00 

""'s'lbb' 

169  00 



er  engines,  Vtjlcan 

dB.  car  transfer!!!. !!-!!!!!! 

No.  2  Breaker 

Separator 

WiUiamstown  smith  shop  .... 

Williamstown  sawmill    

Boiler  house  conveys  

Head  No.  3  Slope  ....!!.!'!!!!! 

16 
14 
7 
14 
14 

"a 

3 
?s 

2J 
2J 

'it' 

30 
13 
13 
30 
24 

7 
3 
3 

A 
Q 

P 

P 

Boll.H. 

C 

Yes 
No 

Yes 
No 

■jjo' 

Yes 
No 

Yes 
No 

'No' 

Autom. 

0. 
itumo. 

C. 
}  turn  0. 

■j'tn'r'ii'o.' 

At.  &  heat 
Atmos. 

Heater 

Slant  conveyer  on'y- 
ilonobar  conveyer  only. 
Joth  convs.  estimated. 

146 
140 
140 

50   -j 

78 

18 

78 
200 

146 

140 

140 
Let.. 
Sa*.. 

24.8  i      145.0 
10.2  !        12.8 

22.5  :          7.2 

11.6  I        13.7 

31.4  36.7 
10.6  !      •IS.S 

12.5  j        19.6 
1      »30.0 

4.3  !          2.6 

38.5 
73.2  • 
35.0 
72.0  1 
49.0  f 
76.8 
70.2 
65.0 
301.0 

5,502 

937 

258 

1,196 

•1.167 

1,376 

•1,950 

523 

18,085 

6,198 
937 
252 
1,196 
•1,167 
1,.376 
•1,956 
623 

171,500 

65,600 

"   "3,566' 

12,000 

6,866' 

33,600 
"  "  9,466' 

11,700 

217,000 

61,900 

'■■■8,566' 

18,000 

13,800 
"     '6,866' 

36,800 
"  "  9.460' 

'lb',666' 

686  00 

"■'■8466' 

65  00 
118  00 
83  00 

47,7 

62.0 
63.3 
67.5 

9,846 

10,476 

504 
1,013 
812 

76,900 

9,000 
18,200 
6,000 

21,100 

8,000 
16,000 
6,000 

97,000 

18,100 
21,300 
7,600 

88,900 

,10,000 
21,000 
7,500 

350  00 

45  00 
144  00 
5100 

iiuplex  feed  pump 

1  pump 

iiiilj  P>,  Fr'h-waterto  B.  V. 

Bigh'press.  boilers,  Wmetown. 
Low-presa.        "                  " 
Williamstown  boiler  house 

10 
12 
6 

2 

12 

Boil.H.     No 

" 

No 

i  turn  0. 

Atmos 
Heater 

6 

15.87 
20.33 
24 

81 
30 
30 

48.6            7.8 
29.1  1        12.0 
21.9  1          3.7 

uiiraps,  totals  and  averages. 

60.4 

63.6 
64.3 
69.U 
66.6 

46!o 
61.9 
61.6 
69.0 
61.1 
52.0 
60.1 

1,388 

1,635 
3,467 
6,097 
1,827 

4,896 

aisiiii 

1,656 
2,443 

1,889 

3,682 
4,562 
9.370 
2,785 
.5,283 

!5!l67 
4,081 
3,387 
4.690 

33,300 

39,200 
83.200 
146,300 
4.3,900 

iir,.™ 

5l!'l00 
81,600 
39,700 
58,600 
88,500 

30,000 

39,200 

83,800 
146,300 

43,900 
lir,.500 

.53,000 

8l!600 
39,700 
58.000 
82,500 

43,000 

88.400 
100,500 
284,900 
66,900 
126,800 
74,800 
137.400 
76.000 
96,.500 
61,300 
112,006 
188,000 

38,500 

88,400 
109.500 
921,900 
00,900 
126,800 
74,800 
137,400 
76,000 
90,600 
81,800 
112,600 
128,000 

240  00 

304  00 
679  00 

1,828  00 
27500 

1,078  00 
149  00 
618  00 
260  00 
789  00 
187  00 
202  00 
586  00 

1  >ii]b  pump 

'■""iiump !.!!!!!!!! 

1 

2 

3 

'4 
a 

6 

8 
9 
10 
11 

N0.2  Pocket 

N0.3     "    !!!!!!!!:!!':!:!!!! 

No.  3  Slope  bottom 

N0.4       1;         !!!!!!!!!!!! 

!!            !!             White's  Vn. 

22 
85 
Si 
22 
30 
25 
38 
22 
23 
23 
38 
34 

3 
3} 
3t 
3J 
3» 
3i 
3» 
3S 
3!r 
31 

2} 

48 
70 
86 
36 

^* 

72 
12 

4 
6 

t 
4 

S 

4 

5 

B,  E.  &  H 

J 
B 
J 
J 
J 
L 
L 
M 
M 

No 
Yes 
No 

Yes 

No 

C. 
C. 
0. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
i  turn  0. 

Tailpipe 

10 
12 
10 
10 
10 

9 
16 
10 

8 
10 
16 
10 

10 
10 

'16' 

8 
12 
10 

8 
12 
13 

8 

64S 
618 

648 

'92b' 
1,001 
888 
983 
612 
638 
584 
600 

241 
242 
843 

■  '389' 
389 
389 
389 
386 
3S6 
388 
386 

11.6 
11.4 
24.4 
16.4 
13.9 
80 
4.2 
17.8 
33.05 
8.8 
3.65 

37.5 
85.0 
16.0 
28 
8.5 
25 
27.5 
18 

60 

24.0  '        25.7 
27.2          53.9 
26.2  1        88.4 

28.1  31.9 
18.7t.         08.9 
20.4          4R.0 
31.1  1        45.7 
34.4  !        43.7 
83.1  j        49.2 
26.6  1        .32,4 
31.1  I        46.9 
31.8          56.2 

61.2 

36.149    65,097 

867,,500 

867,500 

1,388,,500 

1,828,600 

6,394  00 

-  and  averages.... ..  j 

1  "R1 

ec    , 

60  040     no  oaf, 

1  A-tsn  -^nn 

1  113  dOO 

1  RR1  "00  1  1  698  000  '     0  "93  00  1 

' 

Malleii  ciiLi:i  ,4f"goveriirr,  25'  fan. 
Allison  it  n^nuian  eogine. 


Hoists  four 
Valves  batll' 
Valves  res-f 
Third  notcK 


Single  slope  flteam  per  rd.  trip. 
J  •  Not  in  totals  ;  vaive.-*  set  after 


t\y;  hoists  about  }  of  t 


With  Bteaoi  l...i.t  on  4A  lbs.  per  H.-P. 
Sawing  i  uf  t. 


[30.7  and  :j.-,,3  per  H.-P. 


One-half  iif  duplex  pumij,  Noa.  17  and  1 


One-half  <if<liip1ex  pump  cards 
Cameron  fli  laii,  AltlBon  water  t 


BEAR  VALLEY  SLOPE  PLANT. 


12 
14 
14i 
23 
22 
16 

11 
2i 
31 

11 

18 
24 
24 
32 
38 
18 

O 

0 
0 
0 
0 
0 

1 

50 
200 
200 

88 

38.8 



"io" 

40 
30 

14.1 
18.3 
81.1 
14.5 

7.3 
68.2 
83.9 
16.0 
14.9 
21.5 

72.7 

?^!5 

96.0 
81.6 
64.5 

80.0 
94.7 
82.5 
103.7 
88.0 
68.9 

584 
410 
437 
1,659 
1,323 
1.866 

584 
1.436 
1,589 
2,370 
2,331 
1,862 

14,000 
j.     8,500 
39,900 
31,700 
30,400 

14,000 
4,000 
39,900 
31,700 
30,400 

14,000 
19,000 
56,900 
55,900 
41,700 

14,000 
4,000 
66.900 
56.9C0 
44,703 

143  00 

22roo 

489  00 
'l99  00 

No 
Yes 

Y'cs 
No 
Yes 

i  turn  0. 

Tail  pipe 

181 
181 

C.    26 
A.    19 

100 
80 

....           845 
80  1          160 

let  lift.  Bear  Valley  Slope 

Bottom,  Bear  Valley  Slope! .!! ! 

9 

7 

10 
8 

358 
358 

338 
331 

.... 

X  pomp 1 

ope  Plant,  totals  &  avs.l. . 

7 

....1 

...1 

211.8 

85.9 

5,679 

10,111 

124,600 

120.000 

191,100 

175,500 

1,809  00 

BEAK  VALLEY  SHAFT   PLANT. 


Jjake  piston  pumj.    '..;,,.         ...;; 
Mft^arapump 

Bear  Yatley  Shaft  Plant,  totals  &  a 


Upper  iift,  Bear  Valley  Shaft  . 


18 

3J 

3e 

36 

....          Q 

No 

No 

Autom. 

Atmos. 

62 

85 

16.5 
66.7 

40.2 
620.0 

73  !0 

89.2 
39.6 

1,576 

ll! 
14 

4,966 

37,800 

37,800 
4,000 

119,000 
81,800 

119,000 

34  i 

C.      6 

400 

212 

6,000 

JU 

40 

132 

30  8 

92.6 

45.7 

840 

300 

300 

8,400 

3,460 

....    Boil.  H. 

28 

31.6 

4.1 

B6.e 

60.5 

256 

350 

0,100 

6,100 

It! 

s 

•  No 

0. 

Tail  pipe 

8 

H 

16.8 

40 

9.S 

76.C 

82.0 

812 

1,933 

19,500 

19,500 

46.400 

^■"'S 

"1 

8 

H 

14.5 

40 

36.0 

15.6 

60. ( 

65.8 

i,oie 

2,736 

24,200 

3        R&S 

VV« 

J  turn  0. 

Atmos. 

12 

10 

338 

13.5 

30 

38.5 

a5.J 

66.6 

71.9 

4.060 

43,800 

43,800 

97,400 

9 

6 

2,278 

3,846- 

54,500 

64,600 

24 

3' 

36 

0. 

Tail  pipe 

12 

10, 

496 

330 

IS 

30 

35.7 

52.8 

46.5 

50.3 

2,634 

4,390 

63,200 

63,200 

1 

889.1 

10,604 

30,441 

254,300 

254,800 

608,600 

620,600 

1,653  00 

177  H.-P.,  2«  lbs. 


GREENFIELD  PUMPING  PLANT. 


^ii  4S|Riecller  ctOBBComp.  pnmp L-lOreenflcld  . 

16     ICamemn  pump \..\         " 

'    Greenfield  Pump'e  Plant,  totals  &  ava.  \.\ 


lUf  l'fie'i...-i I  No  I  No  1 


74,000  I     100,500        92,000    Wltii  croau-pipo  cloned  19.9  ind.  steam  per  H.-P. 

1,600  1,800  1.8C0    I  Extra  pump  runH  ubontont'-bulfhonr  per  day. 


BIG  LICK  SLOPE. 


Vulcan  hoUUng  engiu«B \.. IjBig  Lick  S 

'  BivAKGH  CoAi'  Co.,  totals   and  ( 


3)  IC. 

3  Ma. 


C.  76       96       41.! 


5,600  I     102.800  I 


3,400         47,100 


Hicdlcr23}  Cameroi 


1,606,700    2.880,800 


Toul  H  -P.  and  average  steam  per  H.-P.  calculated,  assuming  all  engines  to  run  constantly. 
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TABLE  9.— STEAM   LINES   AND  CONDENSATION   LOSSES— LYKENS  VALLEY   COAL   C  OMPANY. 


R.   Vas  A.    NORRIS. 


Location. 

o 

a 

i 

1 

S2 

5o 

Size  and  Length  op  Pipe. 

1 

Condensation. 

s 

Ft. 

5 
1 

Ft. 

6 

Ft 

Ft. 
600 

5 
Ft. 

I 
Ft. 

Ft. 

Ft. 

Ff. 

1 

5) 

Ft. 
600 

150 

Ft, 

Ft. 

Ft. 

Ft. 

Ft. 

£ 

WWTPIi. 

Temp.  Ouls.,  30»  ;  Inside,  70°. 

Sdmmbr. 
Outs. .70"; 
Ins.,  90». 

Remarks. 

Heating 

Bnildings. 

Winter 

Only. 

Steam 
Liues. 

Total 

Winter 

Condens., 

24  Hts. 

Total 
Snmiiier 
Condens., 
24Hrs. 

Good 
Good 
Good 
Good 
Good 
Good 

Good 

Good 
Good 
Good 
Good 
Good 
Good 

Good 

80 
80 
80 
80 
80 

80 

100 

80 

80 

80 

80 

80 

80 

80 
100 
100 
100 

|lS[ 

0. 
0. 
0. 
0. 
0. 
0. 

[. 

0. 

I. 

0. 

I. 

0. 

I. , 

I. 
I. 
I. 
I. 
I. 
I. 
I. 
I. 
I. 

0. 

I. 

Ft. 

Sq.  Ft. 

3,468 

3,413 

3,971 

8(6 

108 

813 

1,032 

.636 
4,020 

625 
4,3.»5 

63 
1,291 

2,161 
1,731 
1,062 

442 
1,088 

971 

614 
1,641 
1,675 

552 
1,104 

Lbs. 

Vat. 
12,346 
11,706 
13,621 
2,902 
370 
a.7S9 
3,044 

2,181 
11,859 

2,313 
13,408 

216 

3,898 

6,375 
5,106 
3,103 
1,304 
3,210 
2,864 
1,903 
5,0S7 
5,192 
1,987 
3,257 

Lbs. 
12,346 
14,006 
34,721 
12,000 
870 
2.789 
3,044 

2,181 
11,6.59 

2,.'«3 
13,408 

216 
3,808 

0,375 
5,106 
3,103 
1,804 
3,210 
8,864 
1,903 
5,087 
6,192 
1,937 
3,257 

Lbs. 
10,473 
10,068 
11,714 
2,496 
319 
2,3118 
2,797 

1,876 
10,894 

1,933 
12,369 

186 
3,490 

5,850 
4,691 
2,ail 
l!l98 
2,948 
2.031 
1,156 
4.603 
4,800 
1,66; 
2,992 

200 
350 
220 

1,560 

10 
30 

80 
400 

2,3011 
21,10« 
9,100 

.2" 
1 

s 

m 

1 

840 

200 

J  Heats filiop.sbiftinghonse, 
1     and  eleclric  pliint 
1  Heats  sliiftitig  bouse  and 
1     supply  bouse. 

Ukens  Valley  Bank 

300 
21 

380 

100 

■  Bull  boilers  to  No.  l^level 

1 

3T5 

33 

558 

210 
1,610 

80 

100 

;llii:;li  press,  to  No.  4  slope 

1 

'FromlineB  toNo.  1  level 

350 

250 
1,730 

No  etcara  on. 

Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

30 
612 

990 

75 
25 

■""o.  1  lo\Y.!  to  No.  3  It-vel 

■        '"'  ■■          '■'■    '-'^    i   ^l'■ 

■.  .  1  -1  •.■ugs 

"--M-i  Lu  i\.;.  4  luM-l  panips, 

■■'  3 levul  10  No.  4  level  pumps. 

9T5 

26C 
640 

'965 
120 

40 

.... 

'  525 
332 

'  795 

400 

No  steam  ou. 

— 

— 

600 

— 

"sio 

1,980 

4,597 

sirro 

iiioo 

3,200 

"633 

300 

320 

380 

200 



37,642 

32,500 

116,951 

151,451 

107,200 
81,725 

Diiringtest  of  boilers  Ime3  Q  and 

fi  r>a.   No  heating.    Temp.  60° 

Outside  nrea  of  pipe  mcl.  flanges 

850 

TOO 

530 

400 

315 

280 

250 

211 

183 

178 

170 

123 

95 

64 

50 

35 

A  1  >ci.  ft,  per  100  ft.  length. 















"■ 

012 

h  r 

^ndensa 

tioninSlh 

XI.  per  »q 

ft.  per  de 

"ree  difl'ereiice  In  lempera- 

e  Miip  A  for  Outside  Lines  and  B  for  Inside  Lines. 


Condensation  calculated 
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'^^^  10.-STEA3I   LINES   AND  CONDENSATION   LOSSES-SUMMIT   BRANCH   COAL  COMPANY. 


■  Length  of  Pipe. 


i5^  c-l^^^^"^  Winter, 
i  ?  =;-  r  I  Lines.  'Coiideiis. 
:5a?=-  I   ■Ulivs. 


Totiil 

CondCDS. 
24Hrs. 


WiLLiAMSTowN  PLANT.— See  Map 

C  for  out 

ide,  and  D  for 

inside 

inea 

iioiler  house 

Pair 

Good 
Bad 

Poor 

Poor 

Poor  to 
bad 

Good 
Poor  j 
Unknown 
Pair 
Good 

Good  j 
Good 

80 
180 
80 
120 

80 

SO 

60 

80 
80 
80 
80 
80 

0. 

o. 
I. 

0. 

I. 

0. 

I. 

0. 

I. 

0. 
0. 

I. 
I. 
I. 
I. 

T. 

I. 
I. 

Ft. 
104 

Ft. 
TO 

Pt. 

00 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 
200 

Ft. 

Pt. 

Ft. 

Pt. 

Ft. 

1,030 
400 
"15 

Ft. 

Ft. 

Ft. 

Sq.tt      r.h,. 

"is''ii:* 

3,5(U'    l.im 

Br  E.H 

3,1.',:;     l,«o 

1.37-    

6,4!tl 

5.'." 

3,7Sli 

1,0I»1    

2,7f.o 

2,3mT 

4,6.|i 

C3ii    n.'.irii 

1,331  

3,4.« 

2,041 

S,4C1| 

1,147)' 

1,6« 

1,4JJ 

1,744' 

LI)!. 

13.474 

10,813 
5.088 
20,128 

1.887 

s'lis 

7.013 
13,700 

2,161 
23.il00 
lO.OllH 

6,021 
10,210 

"t.bsi 

4,480 
5,400 

Lbs. 

12,2.35 
5,088 
20,128 

I,S87 
10,974 

3,430 
8,112 

7,013 
13,700 

14,131 
25,900 
10.098 
0,021 
10,210 

■"5.OS4" 
4,480 
5,400 

Lbs. 

10,617 

9,300 
4,263 
18,570 

1,622 
10,081 

2,950 
7,453 

0,800 
12,685 

1,853 
22,150 
9.270 
5,531 
9,479 

"■i'.rao" 

4.123 
4,966 

Eat.  equiv. 

1  Incl.  temp.  4". 
f  To  coal  plane. 
Breaker  healed  by  ex- 

^ 

N'i>.  2  breaker  and  plane 

Highpres.  tofootNo.aSi 

Low  pres.  E.  side  tunnel 

I.iiu  i.res.  \V.  side  tnnnel 

810 

'  536 

60 
"'120 

Fair 

Fair 

I  Pair 

Good 
4"  poor 

Good 
Good 

linii^t  stcuni. 

220 
1,340 

400 
1,100 

era 

160 

100 

50 

2,510 

230 

" 
70 

I,"w  ]>ie».  No.l  tan  to  ft.  No.  3S1.  j 
^ti  .])  aiid  barn 

450 
850 

300 

un 

(offices. 
Heat  10  shop,  burn  mid 
14"  Dbl.conil, 

iialor 

435 

M 

■llev.  toNo.3Sl.bol 

'1  lev.  to  No.  Spocket 

lliockcttoNo.  3S1.  hot 

-I  ...  So.  3  pocket  to  No.  3  SI.  bot. . 

1,850 
1,070 
1,670 
620 

13"  Bare  8  limes  cond. 

20 
80 

20 

40 

"20 

rl 

170 

"956 
830 
30 

2.010 

L 

H'.ot  No.4Slope _ 

E.  ■.rNo.4Sl..pe . 

Good 

Good 

120 
123 
120 

N 

Wliites  Vu.  to  ft.  No.  4  81 ] 

Upper  poor.  Good 
Lower  nukno'n. 

915 
8,616 

330 

104 

TO 

GO 

— 

SIO 

— 

7,335 

250 

70 

i,g40 

1,470 

400 

20 

45,211      13,010 

103,861 

179,491 

140,352 

- 

y.i.Mt  Vallbv  Slope  PLANT.-Soe  Map  E. 

Good 

Good 

60       0. 
I. 

410 
650 
1,090 

50 
20 
70 

....      180 

.!H7 
1,3!« 
2,339 

2,200 
2,200 

3,215 
4,1C6 
7,321 

5,413 
4,106 

2,764 
8,772 

100 
100 

Totals,  Bear  Valley  SlopePlant 















0,521 

.  0,536 

Hb»ii  Vallet  Sbaft  Plast.— Sec  Map  I 


Good 
Good 
Good 
Fair 

Good 
Fair 

Fair 
Fair 

Good  i 
Good 
Good 
Wet 

Good 
Good 

Poor 
Fair 

80 
100 
100 
60 

60 

60 
60 

jo. 

0. 
0. 

I. 

0. 

1. 

0. 
I. 

— 

— 

40 

40 

■366 

80 

"so 

830 

100 

"15 

60 

319 
375 
B3 
1,021 

2,63i 

153 
475 

1.40O 
2,400 

1,197 
1,888 
2,154 
6,024 

9.038 
2,326 

1,063 
1,401 

1,197 
2,769 
4,554 
6,024 

9.03S 
8,325 

1,003 
1,401 

1,080 
1,193 
1.844 
5,513 

7,773 
2,135 

915 
1,887 

l.'i>ting  engines. 

160 

]l'6;^ 

■  :m.  shop,  and  shaft  pumps 

■iiiiiimit  Slope  line 

Dhl.  cond  for  wet  shaft. 

1,560 

600 
40 

540 

1,140 

40 

100 
600 

805 

150 

40 

— 

~To 

1,850 

Dbl.coud.  Poorcover't' 

3 

Totals,  Bear  Valley  Shaft  Plant 

150 

6.423 

3.800 

24.530 

CoDden&ation  calculated  on  pressure  of  TO  and  100  lbs. : 


2  lb.  condensation  in  24  hours  per  sq.  ft.  surface  per  degree  difference  in  icmpiTaturt 


• 
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TABLE   13.-PR1CT10N    AND   CONDENSATION   LOSSES   IN   STEAM   PIPE   PER  l.OCO  FEET. 


R.  Van  A.  NoniMf 


Loss  of  pressure  by  friction,  ;),-/;, 

0  =  Qoantity  in  cubic  feet  per  mil 
W  =  Weight  steam  per  cubic  foot. 

1  =  Length  pipe  in  feet  =  1 ,000. 


=  ^4^^'Kent,p.  671j. 


c  =  Varying  constant,  sec  table 
a  =  Diameter  pipe  in  inches. 


W  ©  130  Ihs.  =  0.304. 


E,niva,,.,/cr„s„4i!ss?s'r-t 


3  temperature. 
I'atiire. 

i;ss^.;ire's'S';s;£;j;;;tSfS,s;gyir'"'""" "  ^ 


Quantity  per  Hour. 

,000  L 

bs. 

2,500  Lbs. 

5,000  Lbs. 

10,000  Lbs. 

15.000  Llis, 

20,000  Lbs.       1       30,000  Lbs. 

40,000  Lbs. 

Cubic  feet  per  minute 

Gauge  pressure,  lbs .'"!!!"" 

-6.6 
80 

1  63.8, 
100 

65.0 
120 

8.2 
0.9 

9.1 

93 
2 

95 

191.6 
80 

loj 

0.2 
10.5 
12.^ 

132 

159.6 
100 

Ibl 
0.1 

IsJ 

69 
41 

130 

8.7 
0.3 

8.9 

133 

"iS" 

2.0 
0.3 

2.3 

171 

0.6 
0.8 

1.4 

236 

13T.6 
12(1 

0.1 

64.S 

93 
31 

124 

7.3 
0.2 

7.5 

138 
4 

142 

1.7 
0.4 

2.1 

179 

1 

180 
0.5 

1.6 
247 

363.3 
80 

41.8 
0.1 

41.9 

125 
67 

192 

9.3 
0.1 

9.4 

162 
12 

174 

3.0 
0.2 

3.8 

224 
4 

228 

319.2 
100 

34.7 
0,1 

34.8 

133 
45 

177 

7.8 
0.1 

7.9 

171 
9 

180 

2.5 
0.2 

2.7 

236 
3 

239 

275.0 
120 

30.1 
0.1 

.30.2 

13S 
34 

172 

6.7 
0.1 

6,8 

179 
7 

186 

2,2 
0,2 

2.4 

247 
3 

250 

706.6 
80 

37.5 

37.5 

162 
116 

278 

12.0 
0.1 

12.1 

221 
33 

257 

638.3 
lOO 

31.1 

31.1 

171 
78 

249 

10.0 
0.1 

10.1 

236 
23 

259 

3.9 
0.1 

4.0 

257 
9 

266 

550.0 
120 

26.9 

26.9 

179 

57 

236 

8.6 
0.1 

8.7 

247 
17 

21H 

3.3 
0.1 

3.4 

268 

275 

0.8 
0.1 

0.9 

366 
2 

368 

0.2 
0.2 

0.4 

467 

1 

1,149 
80 

27.0 

27.0 

224 
117 

341 

10.5 

10.5 

S44 
43 

287 

2.4 
0.1 

2.5 

330 
8 

"sis' 
~oJ 

0.1 

0.9 

415 
2 

417 

9  957. 
100 

70.0 

70.0 

171 
228 

399 

22.5 

22..T 

23li 
81 

317 

8.7 

8.7 

257 
30 

287 

9.0 
0.1 

2.1 

347 

0.1 
0.7 

437 

3 

439 

i 
i 

j  60,5 

179 

I     175 

j    354 
19.4 

19.4 

~m 

307 
7.5 

268 
23 

281 

1.7 
0.1 

1.8 

366 
5 

371 

To" 

0.1 

0.6 

467 
2 

469 

1,533 

80 

48.1 

221 
370 

594 

18.7 

18,7 

244 
103 

4.2 

4.2 

330 
20 

360 

1.3 

1.1 
415 

421 

1,277 
100 

39.9 

1,100  12,300 

1,915 
lOO 

89.9 

89.9 

230 
588 

824 

34.8 

34.8 

867 
265 

623 

7.9 

7.9 

347 
54 

401 

2.6 

2,6 

437 

17 

1.0 

1.0 

555 

662 

0.6 
0.1 

0.6 

662 
3 

656 

1,650 

77.6 

77.6 

2(7 
422 

669 

30.0 

30.0 

208 
193 

461 

6.9 

6.9 
306 

407 
2.2 

1J 

14 
481 
0.9 

"wT 

581 
588 

"oT 

0.1 
0.6 
682 

685 

3,066 
80 

74.6 

244 
1,272 

1,516 

17.0 

17.0 

330 

188 

618 

5.4 
416 

468| 
2  1 

2.1 

.627 
19 

540 

620  ! 
9 

■S"j" 

2,563 
100 

61,8 

61,8 

267 
546 

803 

14,1 

14.1 

817 
131 

481 

4.6 

437 

1.8 

TJ 

655 
16 

0.8 

71  ' 
652 

^- 

2,200 
120 

Loss  pressure  friction 

14.4 
0.6 

15.0 

84 
4 

88 

11.8 
0.7 

12.5 

89 
3 

92 

34.5 

80 

41.8 

»t4 
403 

647 

9.5 

9.5 
830 

407 
3.0 

3.0 

21 

"1.2 

1.2 

627 
8 

535 

0.1 

0.7 

620 
4 

624 

total 

Equivalent  condensation  due  to  fiiction 

1.7 
1.4 

125 

i.'s 

2.9 
132 

1.2 

1.8 

3.0 
138 

"         "       condensation 

"          "       total 

Condensation  per  hour 

"                    "             "      total  per  hour 

125 

182 

138 

Loss  pressure  friction 

2.3 
0.3 

2.6 

102 

163 

o.r 
o.r 

1.4 
224 

total 

Condensation  per  hour 

"             "      total  per  hour. 

Lobs  pressure  friction 



Zl 

206 
443 
15.6 

15.5 

257 
74 

831 

3.5 

3.5 

347 
16 

362 

1.1 
0.1 

1.2 

437 
5 

0.5 
0.1 

0.6 

565 
2 

657 

~0^ 
0.1 

0.3 

652 

1 

653 

152 
899 
13.4 

268 
65 

333 

3.U 

366 
12 

818 

1.0 
0.1 

1.1 

467 
4 

0.4 
O.I 

0.5 

681 

683 

0.2 
0.1, 

0.8 

682 

224 

236 

247 

Loss  pressure  friction 

1.2 
0.2 

1.4 

244 

1 

245 

1.0 
0.2 

1.2 

257 

1 

258 

0.8 
0.2 

1.0 

268 

1 

289 

oil 

4.8 
244 

256 

63,6 

— — 

268 

"       total 

707 

0.3 
0.2 

0.5 

330 

330 

0,2 
0.3 

0.5 

347 

347 

0,2 
0.3 

0.5 

306 

366 

1.0 
0.1 

1.1 

330 
2 

332 

0.3 
0.2 

0.6- 

415 

0.9 
0.1 

1.0 

347 
2 

349 

0.3 
0.2 

0.5 

437 

438 

12.2 

Condensation  per  hour 

equivalent  friction 

"      total 

306 
99 

466 

3.0 

3.9 

Condensation  per  hour 

467 

"      total 

416 

408 

Loss  pressure  friction 

"          "       condensation 

0.3 
0.1 

527 
528 

o!i 
"oT " 

555 
656 

0.2 
0.1 

0.3 

581 

1 

"ST 

0.5 
0.1 

"oJ 

527 

629 

0.8 
0.1 

0.4 

620 
1 

621 

1.6 
1.6 

Condensation  per  hour 

equivalent  friction 

"      total 

681 
13 

~m 

Loss  pressure  friction 

"           "       condensation 

0.7 

"oT 

Condensation  per  hour 

equivalent  friction 
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• 

eu  ,  .IOh'  ,  . 

Plant. 

Type  of 

BolI.EU. 

ration  from  a 
°  per  Lb.  Coj 

oSO 

OS 

al  per  Year 
275  Days, 
ours  per  Da\ 

al  per  Year 
365  Days, 
ours  per  Day 

cr  Boiler  H. 
car  275  Days 
our.s  per  Day 

t  25 

oo* 

O    '. 

on 

O 

o 

— ^^ 
O 

o 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Tons. 

Tons. 

$ 

% 

8 

s 

B.  &  W. 

7.51 

4.594 

45.94 

110.2; 

5.740 

17.967 

5.81 

14.98 

193.67 

499.33 

Williams- 

Cylinder. 

6.13 

5.623 

56. 2S 

135.07 

6.911 

22.011 

6.68 

18.01 

222.67 

600.33 

tow  11. 

Entire  Plant 
Inc. Climax. 

1 
|-7.22 

4.778 

47.78 

114.67 

5.867 

18.687 

5.90 

15.52 

196.67 

518.40 

Bear  Valley 
Shaft. 

B.  &  W. 

8.15 

4.233 

42.33 

101.59 

5.108 

16. 5.55 

5.40 

13.97 

180.00 

465.67 

Cylinder. 

G.71 

5.143 

51.43 

123.43 

6.31.') 

20.014 

6.24 

16.59 

208.00 

5.53.00 

Entire  Plant 

7.66 

4.504 

45.04 

108.10 

5.531 

17.615 

5.65 

14.71 

188.33 

490.33 

Bear  Valley 
Slope. 

Return 
Tv-bular. 

!-r.ro 

4.481 

44.81 

107.54 

5.503 

17.525 

5.63 

14.64 

187.67 

488.00 

B.  &W. 

7.48 

4.612 

46.12 

110.69 

5.664 

18.038 

5.75 

15.03 

191.67 

501.00 

Lykeus. 

Cylinder. 

6.33 

5.450 

54.50 

130.80 

6.693 

21.315 

G.52 

17.49 

217.33 

.58;^.  00 

Entire  Plant 

6.48 

5.324 

53.24 

126.27 

6.538 

20.822 

6.40 

17.12 

213.  3 

570.67 

B.  &  W. 

Averages. 

and  Tubular 
Cylinder. 

5.65 

14.65 
17.36 

188.25 
216.00 

48"n50 

6.48 

578.78 



The  coal  consumption  and  cost  are  calculated  for  1 0  hours  per 
day,  275  days  per  year,  as  well  as  for  the  full  year,  as  the  former 
is  about  the  average  working  time  of  these  collieries,  and  a  con- 
siderable proportion  of  the  steam  is  used  only  for  that  time;  in 
the  cost  for  the  working  year,  however,  the  full  charge  for  in- 
terest, etc.,  is  included,  as  sufficient  plant  must  be  maintained  to 
supply  the  maximum  demand  for  steam. 

The  last  column  in  tables  Nos.  5  and  6  gives  the  cost  per 
annum  for  steam  in  excess  of  40  pounds  per  I.  H.-P.  per  hour 
for  each  engine  and  pump,  it  being  considered  that  -iO  pounds 
should  be  readily  reached  even  under  the  disadvantages  of  col- 
liery practice.  Most  of  the  engines'  valves  could  be  changed  to 
reach  this  figure,  and  while  unattainable  with  the  present  direct- 
acting  pumps,  very  many  of  these  could  be  readily  compounded 
by  adding  a  liigh -pressure  cylinder,  the  low  mean  effective 
pressure  in  most  making  this  entirely  feasible.  From  these 
figures  of  cost  the  engines  and  pumps  worth  improving  can  be 
readily  chosen. 

STEA.M  Lines. — The  detail  dimensions  of  steam  lines  are 
given  in  tables  Nos.  9  and  10,  with  the  calculated  condensation 
losses  from  the  same  ;  they  are  so  interconnected  in  the  mines 
that  not  even  a  fairly  approximate  estimate  of  the  quantity  of 
steam  carried  by  each  line  can  be  made. 

Condition  of  Steam  Lines.s — The  steam  lines  as  far  as  practi- 
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cable  were  all  examined,  and  with  very  few  exceptions  found  well 
covered  with  non-conducting  niatorial. 

Lykkns  Valley  TjINEs:  lU'celvern -^  Trajts. — The  lines  of  the 
Lykens  Valley  Coal  (^o.  (shown  on  maps  A,  Fig.  (5,  and  13,  Fig. 
7)  were  found  in  unifornily  good  condition,  but  five  leaks  being 
noted,  three  of  these  in  expansion  joints ;  these  lines  all  run  to 
receivers  at  each  level,  which  act  as  separators  to  remove  the 
water  of  condensation  and  which  are  all  provided  with  home- 
made traps. 

The  condition  of  the  steam  on  the  various  levels  was  found  as 
follows  by  calorimeter  : 

No.  1  Level,  2.08  per  cent.  luoisture,  near  No.  ?>  Pump. 
No.  2      "       0.8         "  "  "      Receiver. 

No.  3      "       0.5 
No.  4      "       2.0         •'  "  "      No.  2  Pun?p. 

It  is  manifestly  advantageous  to  remove  the  water  of  conden- 
sation from  the  steam  lines  as  promptly  as  possible,  as  owing  to 
its  greater  conductivity  it  must  increase  the  radiation  from  the 
pipes,  and  it  certainly  is  not  conducive  to  keeping  tight  points. 

The  8-inch  high-pressure  line  "  G "  was  out  for  repairs  and 
not  examined. 

Welliamstown  Lines. — The  steam  lines  in  the  Williamstown 
Colliery  (Maps  C,  Fig.  8,  and  D,  Fig.  9)  were  found  well  covered, 
but  in  many  cases  the  inside  lines  were  leaking  badly,  and  mak- 
ing the  pipe  ways  so  hot  that  examination  was  impracticable, 
the  temperatures  along  lines  examined  reaching  over  125  de- 
grees Fahr.,  and  being  much  higher  along  other  lines  a  full 
examination  of  which  was  not  attempted.  Most  of  the  leaks 
were  through  the  threads  of  flanges ;  all  of  these  threaded 
flanges  should  be  removed  as  rapidly  as  possible,  and  replaced 
by  flanges  secured  by  expanding  the  pipe  into  them.  Several 
lines  with  flanges  secured  in  this  way  were  examined  and  not  a 
single  leak  past  the  flanges  discovered. 

Lines  in  Bear  Valley  i^Map  E,  Fig.  10)  are  all  in  good  con- 
dition, except  those  down  Summit  Slope,  which  need  some  at- 
tention ;  the  line  down  Bear  Valley  Shaft  is  more  or  less  wet, 
causing  considerable  extra  condensation. 

The  Williamstoion  Lines  except  in  a  very  few  instances  are 
not  provided  with  receivers  or  traps,  the  water  of  condensation 
being  blown  off  from  tees  and  partly  open  valves  into  the 
sumps,  resulting  in  a  great  loss  of  steam  and  considerable  un- 
desirable addition  to  the  temperature. 
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Map  a.— Fig.  6. 
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INSIDE   STEAM    LINES 

Sftort  Mountain  Colliery 

Lykens,  Pa. 


I^'oiris 


J 


ENGINE 
HOUSE 


Map  B.— Fig.  7. 
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OUTSIDE  STEAM  LINES 

Williamstoivn  Colliery 

Lykens,  'M.aj  1898 


Norris 


iVlAP  C— Fig.  8 
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Condition  of  Steam . — The  condition  of  steam  at  the  various 
levels  was  found  as  follows  : 

No.  2  Pocket 2,''„  per  cent,  moisture,  low  ])ressuie  line. 

No.  3  Slope  Bottom i»o         "  "        high 

No.  4      "  "     3,8, 

Summit  Slope  Bottom...  lOi^o         "  " 

Bear  Valley  Slope  Bottom,    Zh 

The  pressure  in  the  8-incU  high-pressure  line  at  the  foot  of 
No.  4  Slope  had  fallen  to  64  pounds ;  this  line  carries  all  the 
high-pressure  steam  from  the  boilers,  amounting  to  over  40,000 
])ounds  per  hour,  and  is  overtaked.  A  portion  of  this  steam 
could  with  advantage  be  admitted  into  the  low-pressure  system 
at  the  boiler  house,  through  a  reducing  valve,  as  is  done  now 
inside  the  mines,  the  pumps  on  this  line  not  using  all  its  steam. 
In  the  boiler  test  made  with  separator  coal  this  is  strongly 
evinced,  the  Climax  w^aste  heat  boilers  more  than  doubling  their 
output  and  that  of  the  Babcock  <fe  Wilcox  being  correspond- 
ingly reduced,  while  maintaining  full  pressure,  showing  that  the 
pipe  was  carrying  all  it  could  take. 

Friction  and  Condensation  Losses. — The  table  No.  12  gives 
the  losses  per  1,000  feet  of  various- sized  pipes  due  to  fric- 
tion and  condensation,  and  Avill,  we  think,  be  of  value  in  pro- 
portioning future  pipes;  in  using  it,  it  should  be  noted  that  the 
total  equivalent  condensation  is  the  measure  of  the  loss  in  heat 
units,  but  the  economy  of  use  of  steam  in  engines  increases  with 
its  pressure. 

Condensation. — No  very  satisfactory  figures  were  found  in  the 
text-books  for  the  absolute  condensation  losses  in  pipes,  most 
of  the  figures  given  being  comparative  with  hair  felt.  The  0.012 
pounds  per  24  hours  per  square  foot  pipe  degree  Fahr.  differ- 
ence in  temperature  of  steam  and  external  air  used  in  the  cal- 
culations is  based  on  the  folloAving  : 


Test  by 


Location. 


r^edle  &  Bauer 

Xorris 

Br,ll 

Norton 


Line  G,  L.  V.  C.  Co. 
I  &  J,  L.  V.  C.  Co. . 

A.  S.  M.  E 

A.  S.  M.  E 


u     • 

(y 

- 

a^r^ 

^^ 

Bk 

c3  =i 

.  Wa 

Sq.  ] 
[ours. 

Covering. 

6* 

s<^  , 

fl.N 

i  t.— 

z/j 

i^.« 

yA  C.'>j 

^ 

.0104 

4,130 

11,315 

2.74 

262 

Asbe^toS. 

3,892 

9,360 

2.40 

234 

.0103 

.  ( 

.   •  ■   . 

.... 

•  •  •   • 

308 

.0105 

Mnp^nesia  peel 

•1. 







315 

.0125 

1 

Magnesia. 
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Tlu^  last  tost  from  ])jip('T,  by  C.  L.  Norton  {7\a7ifiad ions  Amer- 
ican Society  Mecluiiiicjil  Eiij^ineers,  June,  1898),  was  made  with 
great  care,  and  was  given  weight  in  deciding  on  .012  as  a  proper 
figure  to  be  used  in  the  cak^ulations.  In  the  course  of  Mr.  Nor- 
ton's experiments  he  found  that  a  pipe  boxed  in  with  charcoal 
1  inch  minimum  thickness  was  20  per  cent,  better  insulated  than 
magnesia  covering,  corroborating  the  statements  by  Mr.  Rein- 
hart  (general  inside  foreman  Lykens  Yalley  Coal  Company)  of 
liis  experience  in  using  flue  dust  to  insulate  pipes.  If  this  were 
packed  in  metal  instead  of  wooden  boxes,  to  avoid  fire  risk,  it 
would  seem  to  be  an  excellent  non-conducting  covering,  and 
well  worthy  of  a  careful  trial. 

Engines  and  Pumps. — The  sizes  and  performance  of  pumps  and 
engines  of  the  Lykens  Yalley  Coal  Company  and  the  Summit 
Branch  Coal  Company  are  tabulated  in  tables  Nos.  5  and  6 
respectively.  All  of  these  were  carded  by  either  Mr.  McKay  or 
the  writer,  and  copies  of  average  indicator  cards  are  given 
herewith.  The  total  steam  per  horse-power  per  hour  includes 
an  allowance  for  cylinder  condensation,  based  on  data  in  Kent's 
"  Pocket-book."  The  maximum  speed  given  is  the  highest  at 
Avhich  each  has  been  continuously  run  not  necessarily  its  abso- 
lute maximum. 

Fan  Engines. — In  examining  these  it  is  evident  that  all  the 
fan  engines  are  much  too  large,  and  are  cutting  off  at  nearly  full 
stroke  with  a  very  low  mean  effective  pressure,  and  using  enor- 
mous quantities  of  steam  ;  especially  is  this  the  case  with  the 
four  25-foot  fans,  with  24  x  36  inch  engines,  using  from  75  to 
86.5  pounds  steam  per  horse-power  per  hour  (cards  1  and  100). 
By  supplying  these  engines  with  new  valves,  with  more  lap,  or 
riveting  on  strips  to  increase  the  lap,  to  cut  off  at  about  f  stroke, 
the  steam  consumption  could  probably  be  reduced  to  at  least 
40  pounds  per  horse-power,  reducing  the  steam  consumption  for 
the  seven  fans,  with  slide-valve  engines,  from  16,600  pounds  to 
at  least  8,600  pounds  per  hour.  The  Bear  Yalley  Shaft  fan 
(card  No.  49),  with  Corliss  engines,  shows  24.3  pounds  indicated 
and  39.4  pounds  total  steam  per  horse-power  per  hour.  The 
fan,  however,  is  running  but  52  revolutions  and  indicating  40.2 
horse-power,  while  its  designed  speed  is  85  revolutions,  which 
would  require  about  177  horse-power,  and  the  engine  designed 
for  the  latter  is  cutting  off  at  less  than  5  per  cent.,  far  below  its 
most  economical  point. 
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Summit  Branch  Coal  Company.     Card  numbers  as  in  Table  No.  6. 

No.  23. 

It      It 
No.  4  Slope,  Hoisting  Engines  12  x  30 

120  Revs. -40  Spring. 


Sonis 


No.  23. 

No.  4  Slope,  Hoisting  Engines  12'x  30" 
100  Revs. -40  Spring, 


No.  24. 

No.  4  Slope,  No.  9  Cameron,  Allison  Pump  22"x  72'x  10  ' 

Exhaust  into  Tail  Pipe. 

40  Spring. 


Fig.  11.- 
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Summit  Unxuch  Coal  Company.     Card  numbers  as  in  Table  No.  6. 


Nos.  13  AND  14. 

No.  2  Pocket,  No.  3  Griscomb  Pump  22"x  36"x  10" 
40  Spring. 


No.  19. 


No.  3  Slope,  No.  7  Goyne  Pump  22  x  36  x  10 
40  Spring. 


Fig.  12. 


hunuiiit  Hninrli  Cci  Coinpany.      Card  numbers  as  in  TjiI)1('  N<.    0 

>»'os.  47  AND  48. 

Greenfield  R(EDLEr  Pump  13'.t  20'-j"x  le'x  7;'i«" 
93  Revs. -50  Sprung. 


Kos.  47  AND  48. 

Greenfield  Riedler  Pumf  13  "i  20M  x  16  x  7>;g 
85  Revs. -50  Spring. 


Xo.  49. 

Bear  Valley  Shaft  Fan  Engine  Is'x  36" 
52  Revs. -50  SPRiNa 


r~] 


Fig.  13. 
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Summit  Bruucb  Coal  Company.     Card  numbers  as  in  Table  No.  6. 


No.  11. 


No.  3  Slope,  Hoisting  Engines  26  x  48 
64  Revs. -40  Spring. 


No.  12. 

No.  3  Slope, Hoisting  Engines  26"x  48' 
64  Revs. -40  Spring. 


Fig.  14. 
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Summit  Branch  Coal  Company.     Card  numbers  as  in  Table  No.  6 


No.  42. 

Separator  Plane  Hoisting  Engine  14  x  30 ' 
136  Revs. -30  Spring. 


Morris 


No.  45. 


No.  2  Breaker  Engines  16  x  20 

146  Revs. -40  Spring. 

4th.  Notch 


No.  45. 


N«rri3 


No.  2  Breaker,  Engines  16  x  20 

146  REVS.-40  Spring. 

3rd.  Notch 


Fig.  15. 
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Summit  l?nmcli  Coal  CoiiiiKuiy.     Card  iiumlKTH  as  in  T}U)'o  No.  G. 


No.  29. 


No.  3  Slope,  Allison  &  Bannan  Car  Trancfer  8x12 
200  Revs. -40  Spring. 

WITH  car  ON  ROPE 


No.  35. 


Bear  Valley  Slope,  Jeansville  Pump  1G  x  12  x  7 
30  Spring. 


Fig.  1G. 
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Lykens  Valley  Coal  ('()inj)any's  Ensxinos  and  I'lnnp-.      Card  nuiiihcrs  t  oitct"  end 

with  those  in  Table  No.  5, 


No.  11^0. 


No.  4  Slope, Hoisting  Enoincs  1G  x  36 
106  Re:v3.-30  rrniNo. 


Xo.   IBl. 


No.  1  Level,  No.  1  Bull  Boiler  Hou:e  Pump  44'x  116  x  21 3-;^ 
40  Spring. 


Xo.  131, 


b= 


No.  1  Bull  Boiler  House  Pump  44  x  116  x  21h 
'lO  Spring. 


Fig.  17, 
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Lykens  Valley  Coal  Company's  Kii^^ims  and   Puiiips.      Card  muni),  is  correspond 

with  those  in  Table  No.  5. 


Nos.  115-118. 

No.  4  Level,  No.  2  Jeansville  Pump  25^"*  38"x  36"x  10" 
9,'.'   Revs. -30  Spring.-Syphon  Condenser. 


NorrU 


Nos.  119  AXD  120. 

No.  4  Level,  No.  1  Jeansville  Pump  24  &  38  x  36  x  10 ' 
9X  Revs.- 30  Spring.- Exhaust  into  Tail  Pipe. 


I 


No.  128. 

No.  3  Level,  No.  4  Allison  Pump  30"x  69X'"x  14^' 


Fig.  10. 
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Sumuiit  Branch  Coal  Company.     Card  mimbors  as  in  Tubh?  No.  0. 


No.  52. 


Summit  Slope, Cameron  Pump  24 'x  36"x  12" 


40  Spring. 


Norria 


Korria 


No.  52. 


'/      "      II 

Summit  Slope, Cameron  Pump  24  x  36  x  12 


20  Revs. -40  Spring. 


No.  59. 


Norri» 


Big  Lick  Slope  East  Hoisting  Engines  24  x  36 
64  Revs. -40  Spring. 


Fig.  19. 
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Lykciis  N'mIIcv  CojiI  ('(Mii[):iiiy's  Engiiuis  and   Piiuips.     Curd   niiiulx-rs  rorrcspond 

witli  those  in  Table  No.  5. 


No.  100. 

Short  Mountain,  No.  2  Fan  Engine  24  x  36 
60  Revs. -30  Spring 


No.  no. 

No.  1  Level,  No.  4  Allison  Pump  38"x  70"x  \&K" 


NOS.  Ill   AKD  112. 


30  Spring 


Fig.  20. 
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Summit  Branch  Coal  Ccmpany.     Card  numbers  as  in  Table  No.  6. 


No.  1. 


No.  1  South  Fan  Engine  24  x  36  ' 


Xos.  3  A^"D  4. 


If  rr       _  P) 


High  Pressure  Boi-^ers.  Jeansville  Plv,p  10x12x6 

30  S?K-»G. 


XOS.  6  AND  7 


Coal  Plane  Hoisting  Engines  10x14 

200  RP/S.-40  Spring. 

3rd.  Notch 


Fig.  21. 
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Tlio  No.  1  and  No.  2  25-foot  fans  of  l)oth  the  Lykens  Valley 
Coal  C()inj)any  and  Suniniit  l^rancli  Coal  Company  are  so 
arranged  that  eitli(u-  may  do  the  work,  the  other  standing  idle, 
and  it  a])])ears  probahh^,  that  considerable  economy  wonld  result 
fioni  running  them  in  that  manner,  if  inside  conditions  will 
])»M"init. 

//oisfi/Kj  Kuii'nx's. — Exce])t  tlie  new  engines  at  No.  2  Breaker 
Coal  and  Dirt  lUanes,  Bear  VaUey  Shaft  and  Big  Lick  Slope 
(cards  Nos.  G  and  7  and  51)),  showing  32.7,  38.5,  39.G,  and  39.1 
pounds  total  stc^am  per  horse-power  per  hour,  all  the  engines 
of  both  companies  showed  very  poor  steam  economy  ;  the  valves 
of  No.  4  Slope,  Summit  Branch  Coal  Company,  engines  (card 
No  22)  were  reset,  improving  them  somewhat.  All  of  these 
engines  are  of  old  pattern,  with  very  small  port  areas  ;  they 
could  probably  be  somewhat  improved  by  new  valves,  but  not 
very  materially. 

Attention  is  especially  called  to  the  Short  Mountain  Slope 
engine,  a  single  engine  with  fly-wheel  and  geared  drum  ;  this  is 
in  very  bad  condition — cylinder  Avorn,  bed  plates  cracked  and 
foundation  loosened — and  if  this  slope  is  expected  to  have  any 
considerable  life  it  W'Onld  certainly  be  advisable  to  get  a  new 
pair  of  modern  engines  for  it. 

The  hoisting  engine  at  the  Williamstown  Separator  Plane  is 
also  worn  out,  the  valve  leaking  very  badly  (see  card  No.  42, 
Table  No.  S).  The  valve  seat  probably  needs  refacing,  and  with 
a  new  valve  the  engine  would  probably  continue  to  do  the  little 
w^ork  required  of  it  for  a  considerable  time,  with  more  nearly 
reasonable  economy. 

The  Bear  Yalley  Slope  hoisting  engines  are  now  being  re- 
placed. 

Miscellaneous  Outside  Engines. — All  the  outside  stationary  en- 
gines except  those  in  No.  2  Breaker,  Summit  Branch  (cards  No. 
45),  and  Lykens  Separator,  show  excessive  steam  consumption, 
which  could  be  much  reduced  by  increasing  the  lap  of  the 
valves.  Especial  attention  is  called  to  the  car  transfer  engine  at 
the  head  of  No.  3  Slope,  Williamstown,  wdiicli  consumes  steam 
at  the  rate  of  201  pounds  per  horse-power  per  hour,  and  badly 
needs  a  new  valve.  (Card  No.  29.  The  card  given  is  with  cars 
on  the  rope  ;  the  engine  runs  empty  most  of  the  time.)  The 
No.  2  Breaker  engines  show  better  ecenomy  cut  off  at  the 
fourth  notch  of  the  reverse  lever,  where  they  were  designed  to 
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run,  than  at  the  tliird  notch,  where  it  was  necessary  to  run  them, 
on  account  of  heating,  tlie  total  steam  consumption  being  35.3 
and  38.5  pounds  per  horse-power  per  hour  respectively  (card 

Nos.  -io). 

Valves. — In  considering  the  advisability  of  making  new  valves 
for  many  of  these  engines,  it  must  be  remembered  that  in  almost 
all  cases  the  eccentrics  are  keyed  fast  and  will  require  resetting, 
and  that  the  valve  rods  have  no  adjustments  outside  the  steam 
chests,  and  in  the  older  small  engines  no  adjustments  of  any  sori^ 
except  by  cutting  and  re  welding  the  rods. 

Outsi'Ie  Pumjjs. — The  outside  pumps  for  boiler  feed  are  all  do- 
ing as  well  as  could  be  expected  of  pumps  of  their  type  (card 
Nos.  3  and  4). 

Fresh-icater  Pumps. — At  the  Greenfield  plant  the  Riedler  pump 
shows  the  best  steam  economy  found,  viz.,  27.7  pounds  total 
steam  per  horse- power  per  hour  ;  the  pump  was,  however,  being 
run  with  the  starting  pipe  partly  open,  feeding  live  steam  to  the 
low-pressure  cylinders,  to  enable  the  required  speed  to  be  main- 
tained. This  could  be  done  with  better  economy  by  raising  the 
boiler  pressure.  The  cards  Nos.  47  and  48  show  the  effect  of 
opening  this  cross  pipe  ;  with  it  closed,  and  at  lower  speed,  the 
steam  consumption  was  1.2  pounds  lower  on  a  much  less  power. 
The  Cameron  pump  at  this  station,  used  for  emergencies,  is  in 
bad  condition,  the  crib  foundations  very  weak,  and  the  pump 
pounding  badly. 

The  two  pulsometers  at  Lykens  breaker  were  roughly  tested 
by  measuring  by  weir  the  quantity  of  water  reaching  them,  and 
taking  its  temj^eratures  before  and  after  passing,  and  showed  a 
consumption  of  over  700  pounds  of  steam  per  horse-power  per 
hour.  It  seems  as  though  some  more  economical  means  of 
raising  this  dirty  and  gritty  water  might  be  devised. 

3Iine  Pumps. — The  mine  pumps  use  a  very  large  proportion  of 
the  steam  generated  at  these  collieries— about  50  per  cent,  at 
Lykens  Valley,  64  per  cent,  at  Williamstown,  82  per  cent,  at 
Bear  Yalley  Slope,  and  81  per  cent,  at  Bear  Valley  Shaft. 

The  mine  pumj)s  at  Lykens  are  generally  in  good  condition, 
though,  except  the  two  Jeansville  compounds,  at  the  foot  of 
No.  4  Slope,  of  antiquated  type.  The  Williamstown  pumps  are 
not  as  good,  many  of  them  having  badly  worn  valve  motions  and 
plungers,  and  a  number  with  bare  steam  cylinders. 

Only  a  few  of  the  pump  cards  have  been  engraved,  but  Nos. 
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13,  19,  24,  35,  anil  52  of  tlio  Summit  l^rancli  Coal  Company,  and 
110,  111,  ,111(1  128  of  tlio  Jjykens  Valley  Coal  Company,  are  typi- 
cal of  tlio  vaiious  ])nmps  in  uso. 

Cards  No.  i:]l  ar(3  from  the  two  ends  of  tlio  single-acting 
Cornisli  "Bnll"  pump,  tlio  stoam  pressure  raising  the  rods, 
which  act  on  the  plunger  by  weight  on  the  return  stroke. 

Excc^^ting  the  compounds,  the  Lykens  Yalley  pumps  average 
55.5  pounds  steam  per  horse-power  per  hour,  and  the  Williams- 
t6wn  <>1.2  pounds,  the  difference  being  mainly  due  to  the  use  of 
syphon  condensers  on  six  of  the  twelve  Lykens  Valley  pumi)s, 
while  all  the  Williamstown  exhaust  into  the  tail  pipes.  All  the 
Lykens  Valley  pumps  are  provided  with  counters,  which  are  read 
daily,  giving  a  complete  record  of  the  work  done,  while  none  of 
the  Williamstown  pumps  are  thus  equipped,  and  the  table  of 
performance  is  necessarily  based  on  counting  at  intervals,  which 
was  done  during  the  boiler  tests. 

Compound  Pumps. — The  economy  of  com2)ound  pumps  is  very 
marked,  the  two  compounds  using  respectively  37.7  (card  Nos. 
115-118)  and  30.4  (card  Nos.  119  and  120)  pounds  of  steam  per 
horse-power  per  hour,  exhausting  into  syphon  condenser  and 
tail  pipe,  Avhile  the  average  of  all  the  other  mine  pumps  is 
about  58.5  pounds,  so  that  by  replacing  all  the  pumps  with 
compounds,  a  saving  of  about  34  per  cent,  of  the  steam  should 
be  attained,  amounting  per  day  of  average  ^vork  to  220,000 
pounds  for  Lykens,  295,000  pounds  for  Williamstown,  and 
105,000  pounds  for  Bear  Valley  Shaft  and  Slope,  or  a  total  of 
620,000  pounds  per  day,  costing  about  $14.50  for  Lykens  Valley 
and  $23.30  for  Williamstown,  or  about  $13,800  per  year  for  the 
two  companies,  and  compound  pumps  could  readily  be  made  to 
handle  the  water  in  two  lifts  instead  of  in  four  in  each  colliery. 

Picmu  Valves. — The  steam  valves  were  generally  found  well 
set,  and  where  they  were  not  were  left  in  that  condition,  with 
but  few  exceptions,  as  the  cards  herewith  show.  Attention  is 
called  to  cards  No.  52,  Summit  Branch,  showing  the  effect  on  a 
slow-moving  pump  of  a  small  leak  in  the  steam  packing. 

Water'  Ends. — No  cards  were  taken  on  the  water  ends  of  any  of 
the  pumps. 

Speed,' — The  maximum  speeds  of  the  various  pumps  given  on 
the  sheets  is  the  highest  speed  at  which  they  are  stated  ever  to 
have  been  run  for  any  length  of  time ;  not  necessarily  the  high- 
est that  they  could  be  run  in  an  emergency.     The  tabulated 
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steam  consumption  at  maximum  speed  is  in  proportion  to  the 
increase  of  speed.  In  the  absence  of  data  it  ^vas  believed  that 
the  increased  resistance  of  the  columns  at  higher  speeds  would 
be  about  balanced  by  the  decrease  in  steam  consumption  per 
horse-power  attending  tlie  increased  pressure.  The  "  test 
speed  "  given  in  Tables  5  and  6  is  about  the  average  for  the 
year. 

Pumping  CapaciUj. — The  plunger  displacement  of  the  various 
plants  in  gallons  per  minute  is  as  follows,  the  actual  capacity 
involving  an  unknown  and  variable  allowance  for  slip  : 


LYKENS  VALLEY   COAL   COMPANY. 

Xo.  1  Level. 

Pump                  Diameter  of  Pluneer  Speed,  /-'„ii^„,  „„«  Ar;«„*« 

No                        Plunger.  Feel  per  Miun.;.  Gallons  per  Minute. 

Inches.  Test.                     Max.  Test.                     Max. 

1                           21i  40.3                  45.9  700                   866 

2Dup.                   9,3^  234.0               300.0  805                1,032 

3  lli^e                 156.4  ...                    852 

4  161-  TO.O                 93.3  754               1,005 


Total  No.  1  Level  to  surface 2,319  3,755 

Xo.  2  Level. 

1  16i  .                40.8               105.0  441  1,131 

2  121                    ....                107.6  ...  658 

3  16i                   67.0                105.0  721  1,131 

4  121                 107.8                138.0  701  897 


Total  No.  2  Level 1,873  3,817 

No.  3  Level. 

1  12i                   ....                115.4  ...  692 

2  12f                   73.6               113.3  478  737 

3  16                     66.6                104.0  768  1,086 

4  U{                   98.8               139.5  819  1,156 

Total  No.  3  Level 2,065  3,671 

No.  4  Level. 

1  lODup 210.0  ...  857 

2  lODup.          111.0               210.0  453  857 

Total  No.  4  Level 453  1,714 


Total  pumped  to  surface,  L.  Y.  C.  Co     2,319  3,755 

6 
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\     SUMMIT    BRANCH    COAL   COMPANY. 

,,,                                ,        ,              I'lmip  DiaiiK'tcr  of  I'lmi^'cr  Sjiccd,  Gallons  per 

''»"'•                         J.fVfl.               ^^           I'liiiif,'*'!-.  Feet.  iHT  Minute.  Minute. 

Inches.  'I'est.          Max.  Test.          Max. 

Wii.M AMSTowN.  No.  2  Pocket         1  10  92.8      208.0  278         848 

2  12  133.0       175.0  781  440 

3  10  Dup.  202.8      450.0  1,104       1,836 
No.  3  Pocket       ..  10  08.4       inO.O  401          612 

Total  rpjMT  Lilt  to  surface 3,754      3,736 

No.  3  Slope          4  10  17.-). 8  188.8  717  770 

5  9  158.8  201.5  525  666 

0  16  49.4  09.0  515  1,042 

7  10  106.8  150.0  436  012 

Total  Second  Lilt 2,103       3,000 

No.  4  Slope           8  8  180.3  222.3  486  580 

0  10  105.6  216.0  431  881 

10  16  43.8  84.0  457  877 

11  10  Dup.  128.8  200  0  520  816 

Total  Third  Lift 1,900      3,154 

B.  V.  Slope....  First  Lift  ..        9  10 J. 7      146  7         339         485 

9  83.6      146.7         276         485 

Total  First  Lift  to  surface 615  970 

Second  Lift  ..         7  Dup.         81.6       120.0         163         239 

Total  Bottom  Lift 16?  239 

B.  V.   Shaft...   Upper  Lift  ..         8  to  am.       84.0      120.0         219         313 

Lower  Lift  ..         8  72.5       120.0  189         313 

Summit  Slope. ,  Blake  ..       12  54.0      120.0         317         705 

Niagara  ..         9  102.7       146.7  339  485 

Cameron  ..12  108.0       180.0  634       1.058 

Total  Summit  Slope  to  surface 1,290       2,248 

Total  pumped  to  surface,  S.  Br.  C.  Co 4,878       7,267 

Speed. — It  will  be  noted  that  tlie  Williamstown  pumps  are  run 
at  considerably  higher  speed  than  those  of  the  Lykens  Valley 
Coal  Company,  which  probably  helps  to  account  for  their  worse 
condition. 

Lealxcige  and  SUp. — The  plunger  displacement  of  the  No.  3 
Level  L.  V.  pumps  during  the  boiler  tests  was  2,065  gallons  per 
minute,  while  the  displacement  for  those  at  the  No.  2  Level, 
which  repumped  all  the  No.  3  water  and  some  additional,  was 
but  1,873  gallons  per  minute ;  it  would  be  advisable  to  carefully 
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examine  the  No.  3  Level  pumps  for  slip,  and  the  column  pipe 
and  the  No.  2  Level  sumps  for  leakage. 

Cylinder  Cocks. — The  cylinder  cocks  in  the  mines  were  invari- 
ably found  closed  at  Williamstown,  and  so  slightly  open  at 
Lykens  as  to  lose  comparatively  little  steam  through  them,  but 
at  Williamstown,  where  the  cocks  were  closed,  separators  on 
most  pumps  were  found  more  or  less  open,  blowing  into  the 
sumps.  It  seems  probable  that  the  use  of  automatic  snifter 
valves  on  all  engines  and  pumps  would  give  a  considerable  sav- 
ing of  steam,  if  they  were  kept  in  order. 

Hoisting  Water. — The  economy  of  hoisting  water  from  the 
mines,  instead  of  pumping,  is  very  forcibly  shown  by  the  rela- 
tive performance  of  the  pumps  and  more  modern  hoisting  en- 
gines, the  pumps  averaging  nearly  sixty  pounds  steam  and  the 
engines  less  than  forty  pounds  per  horse-power  per  hour,  which 
difference  is  much  increased  in  practice  by  the  gain  in  finally 
disposing  of  water  hoisted  without  loss  by  slip  of  pumps  or 
leakage  of  columns.  It  would  seem  advisable  to  consider  the 
question  of  hoisting  the  water  from  Bear  Valley  Shaft  by  cage 
tanks.  Independent  of  the  greater  economy  of  hoisting  over 
pumping  water,  the  former  has  the  great  advantage  of  being 
free  from  the  danger  of  drowning  by  heavy  influxes  of  water. 

Steam  Used. — The  steam  generated  and  accounted  for  at  each 
plant  is  shown  in  the  schedule  Table  No.  11,  the  unaccounted 
for  steam  comprising  all  leakage  except  from  safety  valves, 
which  was  estimated,  and  all  unaccounted  for  use  :  this  differ- 
ence amounts  in  the  Lykens  plant,  where  the  lines  were  in  good 
condition,  with  no  apparent  serious  leakage,  to  13^^  P^r  cent., 
and  it  would  seem  that  any  difference  exceeding  about  15  per 
cent,  must  be  due  to  preventable  leaks.  The  \5h  per  cent,  differ- 
ence in  the  small  plant  at  Big  Lick  is'  known  to  be  due  to  leak- 
age, which  was  estimated  by  comparing  the  escaping  steam 
with  the  steam  from  the  calorimeter  at  2,200  pounds,  nearly 
equalling  the  difference  found,  the  38  per  cent,  difference  at 
Williamstown  being  unquestionably  due  to  the  large  leaks  and 
blow-offs  in  the  mines. 

Conclusion. — In  conclusion,  I  want  to  express  my  indebtedness 
to  Mr.  T.  M.  Williams,  superintendent  Lykens  Yalley  Coal 
Company  and  South  Branch  Coal  Company,  for  the  full  facilities 
given  me  in  making  this  investigation ;  to  Mr.  W.  T.  Reinhart, 
general  inside  foreman,  and  Mr.  Frank  Bauer,  boiler  inspector. 
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for  their  jissisiuiicH^  and  Hiii^gestioiis,  Mr.  lleinliart  having  ac- 
companied mo  in  the  very  trying  insi)ection  of  the  steam  lines, 
and  ]\Ir.  ]Jauer  having  been  invahiable  in  conducting  the  boiler 
tests  and  liaving  voluntaiily  taken  niglit  sliiffc  on  the  same  ;  and, 
most  of  all,  to  Mr.  Hood  McKay,  assistant  engineer,  to  whose 
unremitting  work  and  many  and  valuable  suggestions  are  due 
the  coni])loteness  of  the  data  obtained.  I  am  also  indebted  to 
]\rr.  ]3odlo,  macJiinist  Lykens  Valley  Coal  Company,  for  assist- 
ance and  data  in  regard  to  the  steam  lines,  and  to  Mr.  Radle, 
machinist  Summit  Branch  Coal  Company,  for  the  same,  Mr. 
Bedle's  data  being  especially  well  arranged  and  valuable. 


DISCUSSION. 

Mr.  Rohert  Allison. — I  notice  in  Mr.  Norris's  paper  that  the 
Allison  pump  takes  up  considerable  of  the  publication. 

I  Avould  say  that  the  first  of  the  Allison  pumps  referred  to 
were  put  in  the  mines  about  1872,  and  most  of  those  pumps,  I 
suppose,  have  averaged  about  twenty  years  of  almost  constant 
use. 

Mr.  Norris,  in  his  paper,  speaks  of  some  of  the  pumps  being 
in  pretty  bad  condition  ;  those  who  know  little  about  mine  water 
cannot  realize  how  mine  pumps  are  used,  and  the  difficulties  they 
have  to  go  through  from  acid  in  the  water  and  carrying  steam 
through  long  lines  of  steam  pipe.  I  did  not  look  over  the  tables 
of  length  of  steam  pipes,  but  suppose  some  of  the  pipe  lines  are 
2,000  feet  or  more.  In  this  connection  I  w^ould  like  to  quote 
from  a  circular  prepared  by  permission  of  the  Colliery  Engineer 
from  a  letter  addressed  to  them  by  one  of  the  pump  engineers 
in  March,  1890.  The  pumps  referred  to  are  all  of  the  regular 
Allison  Cataract  mining  pump  pattern.  The  article  was  written 
without  the  knowledge  of  the  builders  of  the  pumps. 

"Short  Mountain  Colliery,  belonging  to  the  Lykens  Valley  Coal  Company,  is 
located  in  Wiconisco  Township,  the  northeastern  part  of  Dauphin  County,  in  the 
north  prong  of  the  Dauphin  fork,  or  the  extreme  western  end  of  the  anthracite 
coal  measures.  It  is  one  of  the  many  collieries  in  which,  if  you  want  to  keep 
mining,  you  must  have  plenty  of  pumps  and  keep  them  in  very  good  order  to  do 
your  pumping. 

"We  have  at  this  colliery  fourteen  (14)  pumps  of  different  styles,  sizes,  and 
capacities,  viz. : 

"One  Bull,  or  Cornish  pump,  diameter  of  steam-cylinder  44  inches  ;  diameter] 
of  water-cylinder  23  inches  ;  stroke  10  feet ;  capacity  886  gallons  ;  distance  from] 
steam-boilers  30  feet. 
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"Three  (3)  Allison  j)uiiii)s,  (liuiueter  of  steani-cyliiulers  38  inches  ;  dijiinc^tiT  of 
water-cylinders  16)  inches;  stroke  6  feet;  capacities  1,116  gallons  each;  dis- 
tance from  steam  hollers,  respectively  1,250,  1,680,  and  2,300  feet. 

"One  Allison  pump,  diameter  of  steam-cylinder  30  inches  ;  dianntter  of  water- 
cylinder  14)^  inches  ;  stroke  6  feet  ;  capacity  864  gallons  ;  distance  from  steam- 
boilers  2,300  feet. 

"One  Allison  pump,  diameter  of  steam-cylinder  30  inches  ;  diameter  of  water- 
cylinder  12)  inches  ;  stroke  6  feet  ;  capacity  630  gallons  ;  distance  from  steam- 
boilers  1,700  feet. 

"  One  Allison  ])ump,  diameter  of  steam-cylinder  27  inches  ;  diameter  of  water- 
cylinder  12^  inches  ;  stroke  6  feet;  capacity  714  gallons  ;  distance  from  steam- 
boilers  2,300  feet. 

"  One  Allison  pump,  diameter  of  steam-cylinder  27  inches  ;  diameter  of  water- 
cylinder  12^  inches  ;  stroke  6  feet  ;  capacity  684  gallons  ;  distance  from  steam- 
boilers  2,300  feet. 

"One  Allison  pump,  diameter  of  steam-cyliAder  36  inches  ;  diameter  of  water- 
cylinder  16^  inches  ;  stroke  6  feet ;  capacity  1.116  gallons  ;  distance  from  steam- 
boiler  1,680  feet. 

"  One  Allison  pump,  diameter  of  steam-cylinder  25  inches  ;  diameter  of  water, 
cylinder  12^  inches  ;  stroke  6  feet  :  capacity  630  gallons  ;  distance  from  steaiu- 
boilers  1,680  feet. 

"  One  Griscom  (Duplex)  pump,  diameter  of  steam -cylinder  22  inches  ;  diameter 
of  water-cylinders  10  inches  ;  stroke  3  feet ;  capacity  1,225  gallons  ;  distance  from 
steam-boilers  1.420  feet. 

"One  Carter  &  Allen  pump,  diameter  of  steam -cylinder  26  inches  ;  diameter  of 
water-cylinder  12  inches  ;  stroke  6  feet  ;  capacity  560  gallons  ;  distance  from 
steam-boilers  1.000  feet. 

"One  Niagara  (Hardick)  pump,  diameter  of  steam-cylinder  26  inches  ;  diameter 
of  water-cylinder  6  inches;  stroke  3  feet;  capacity  114  gallons;  distance  from 
steam-boilers  3,500  feet. 

"  One  Cameron  pump,  diameter  of  steam-cylinder  18  inches  ;  diameter  of  water- 
cylinder  8  inches  ;  stroke  30f  inches  ;  capacity  280  gallons  ;  distance  from  steam- 
boilers  3,100  feet. 

"In  the  aggregate,  when  pumps  are  running  at  maximum  speed,  we  are  able 
to  pump  11,275  gallons  per  minute,  or  about  forty -seven  (47)  tons  per  minute. 

"This  is  the  amount  that  can  be  pumped  over  one  section  or  pump-lift  of 
about  315  feet,  but  we  have  five  (5)  sections  or  pump-lifts  in  the  colliery  equal  to 
a  vertical  height  of  1,576  feet.  There  are  four  (4)  pumps  on  each  section  or 
pump-lift,  but  the  two  lower  have  only  one  pump  on  each  section  or  lift.  I  will 
now  give  you  the  record  of  the  four  pumping  over  our  upper  section,  commenc- 
ing with  the  vear  1886  : 


Year. 

Gallons. 

Cubic  Feet. 

Tons. 

1886    

704,738,176 
593,105,632 
531,939,234 
699,674,018 

04,209.791 
79,286,690 
71,109,933 
93,532,810 

2.944.055 

1887 

2  477.709 

1888 

2.222.186 

1889 

2,922,901 

Totals 

2,529,457,060 

338,139,224 

10,566.851 
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•'  Equal  to  n  lake  of  wsitcr  ten  (10)  feot  deep,  two  Imndnid  (200)  feet  wide,  and 
thirty  two  miles  loii^^  ;  or,  four  years  or  1,460  days,  our  average  pumping  was 
1,7:52, 505  gallons  per  day,  (-(lual  to  248, 96J}  cul)ic  feet,  or  7,780  tons,  (Kjual  to  IJM 
tons  per  liour,  or  nearly  five  and  one-lialf  (5A)  tons  per  minute.  During  the  same 
time  we  sent  to  market  852,831  tons  of  coal  and  pumped  twelve  and  four-tenths 
(12, ^)  tons  of  water  to  every  ton  of  coal  sent  to  market. 

"  This  calculation  is  based  on  2,000  pounds  to  a  ton.  You  will  understand  me, 
this  amount  of  water  is  pumped  over  one  section  or  pump-lift  of  315  feet,  and  the 
same  water  has  to  be  handled  three  times  and  some  of  it  five  times.  Also,  while 
our  average  for  four  years  has  been  1,732,505  gallons  per  day,  there  have  been 
times  when  we  have  pumped  in  twenty-four  hours  4,500,000  gallons,  equal  to 
18,798  tons,  or  about  thirteen  (13)  tons  per  minute.  I  think  there  are  very  few 
collieries  in  the  anthracite  region  that  handle  as  much  water  as  we  do. 

"  I  will  conclude  by  giving  you  a  complete  record  of  one  of  the  pumps  of  this 
colliery. 

"The  pump  was  purchased  of  Messrs.  John  Mullen  &  Son,  Shamokin  Iron 
Works  in  the  fall  of  1884.  It  was  placed  in  position  on  our  No.  3  level  or  pump 
station,  and  commenced  running  April  25,  1885.  I  did  not  keep  a  record  of  its 
work  that  year,  but  there  was  no  expense  incurred  but  the  simple  running  wear- 
and-tear  expenses.  I  kept  a  daily  record  for  four  years,  beginning  with  the  year 
1886.  It  is  an  Allison  pump,  38-inch  steam-cylinder  ;  164-inch  pole,  and  6-foot 
stroke,  working  on  a  lift  of  301  feet  vertical,  and  a  water  pressure  of  131  pounds 
to  the  square  inch  ;  length  of  column  pipe  342  feet ;  diameter  of  column  12 
inches  ;  distance  from  steam-boilers,  2,300  feet. 


3,651,904  tons  of  2,000  pounds,  or  = 
2,771  tons  per  24  hours,  or  day,  or 
nearly  two  tons  per  minute. 


"Or  equal  to  a  travel  for  1,318  days  of  84,509,274  feet,  a  fraction  over  16,022 
miles,  or  about  twelve  and  one-sixth  (12^)  miles  per  twenty-four  hours.  The 
average  for  four  years  is  27,636  gallons  of  water  per  hour,  but  there  have  been 
times  when  we  have  pumped  67,080  gallons  per  hour  with  this  pump,  and  in  all 
that  time  we  have  had  only  one  shell  leaking.  I  am  satisfied  that  the  expense  on 
the  pump  during  that  time  has  not  been  ten  dollars  outside  the  ordinary  wear 
and  tear. 

'  *  Yours  very  respectfully, 

"James  G.  Bateman,  Mining  Foreman. 

••Ltkens,  Dauphin  Co.,  Pa.,  February  24,  1890." 

A  little  examination  of  the  circulars  will  show  those  not 
acquainted  with  the  mining  of  anthracite  coal  the  reason  that 
anthracite  coal  is  not  bringing  a  price  that  will  pay  for  mining 
and  preparing  it  for  market.  If  they  could  sell  the  water  that 
has  to  be  pumped  in  connection  with  the  mining  of  the  coal, 
and   throw  the  coal  away,  they   would   make   money ;    unfor- 


Year. 

Dnys. 

Gallons. 

1886 

1887 

1888 

1889 

329 
310 
319 
360 

256,587,148 
197,272,196 
197.582,741 
222,800,422 

Totals  . . 

1,318 

874,192,507 
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tunatelj  they  cannot  do  tliat  (I  make  this  remark  merely  to 
call  attention  to  tlie  quantity  of  water  j)umped  in  })roportion  to 
the  amount  of  coal  mined). 

J//'.  Daniel  AshwoHh — The  author  of  this  paper  lias  l)een 
very  frank  and  modest  in  the  description  of  the  operations  of 
the  series  of  tests,  and  it  is  much  to  be  regretted  that  they  are 
surrounded  by  so  many  assumptions  and  so  much  of  uncertainty. 
Undoubtedly  it  has  involved  a  great  deal  of  labor,  together 
with  a  great  deal  of  time  and  attention.  Familiar  as  I  am,  in 
my  practice,  with  indicator  diagrams,  I  would  say,  as  far  as 
the  steam  engines  are  concerned,  that  if  I  were  to  undertake 
to  remodel  such  a  j^lant  I  would  take  the  whole  thing  out,  root 
and  branch,  and  put  in  something  modern.  They  bear  upon 
their  face  a  very  antiquated  type  of  mechanism,  and  these 
diagrams  show  an  exceeding  waste  to  start  with.  I  am  aware 
that  there  are  circumstances  and  conditions  in  which  it  is 
impossible,  as  the  writer  has  stated  it,  to  get  these  down  to 
where  we  wish  them.  I  think  it  is  to  be  regretted  exceedingly 
that  so  much  time  and  so  much  interest  have  been  manifested 
in  getting  up  these  results,  which  seem  at  the  end  to  be  full  of 
sound  and  fury,  signifying  nothing.  I  would  be  very  much 
pleased,  indeed,  to  see  at  any  time  a  thorough  and  complete  and 
exhaustive  test,  in  which  we  would  arrive  at  more  accurate 
results — in  which  there  would  be  somethino-  tano^ible.  But  the 
pumps,  I  would  say,  want  to  be  torn  out  and  something  modern 
put  in. 

Mr.  Frederick  Meriam  Wheeler, — Mr.  Allison  remarked,  as  he 
took  his  seat,  that  it  hardly  pays  to  mine  this  anthracite  coal, 
and  if  they  could  sell  the  water  and  throw  away  the  coal  it 
would  be  a  good  investment.  It  seems  to  me  that  if  they  could 
improve  the  economy  of  these  j)umps  which  take  so  much  of 
their  coal,  perhaps  he  might  modify  his  remarks  somewhat. 
Or,  in  other  words,  it  would  not  cost  them  as  much  to  mine 
the  coal.  As  Mr.  Norris  remarks,  by  compounding  these  pumps 
they  could  no  doubt  save  a  great  deal  of  money.  As  a  matter 
of  fact,  in  direct-acting  pumps  we  gain  more  in  compounding  a 
pump  than  you  do  in  the  ordinary  steam  engine,  for  well-known 
reasons.  In  fact,  we  expect  always  to  secure  a  saving  of  at  least 
one-half.  Now  imagine  half  their  coal  bill  saved  by  simj^ly 
compounding  the  pumps. 

As  regards  the  economy  about  which  Mr.  Xorris  speaks  in  his 
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paper  (oi^'lity  ixxiiidsi,  that  is  certainly  very  flattering.  I  am 
incliiuHl  to  think  it  is  too  good  a  showing.  I  ihink  the  cylinder 
condensation  is  very  nincli  more  than  he  imagines,  especially 
witli  the  ordinary  dnph^x  pump  such  as  they  are  using.  I 
imagine  most  of  liis  ])umps  are  of  that  make.  In  making  some 
tests  on  the  cruiser  .Miniicajiolis^  not  long  ago,  the  economy  of 
the  i)umps,  mostly  of  the  duplex  type,  varied  very  much  accord 
ing  to  tlie'r  ])ressure  and  their  speed.  For  instance,  the  main 
feed  pum2:)s,  running  at  a  fair  rate  of  speed,  showed  at  their  best 
an  economy  of  about  ninety  pounds  weight  of  steam  per  indi- 
cated horse-power  per  hour.  Those  tests  were  very  carefully 
made,  considering  that  they  were  at  sea  at  the  time,  and  were 
done  with  a  surface  condenser,  measuring  quite  accurately  the 
water  of  condensation  from  the  pumps.  Of  course  Mr.  Norris 
could  not  make  any  such  tests,  and  they  had  to  approximate 
the  condensation  ;  or,  in  other  words,  his  economy  is  simply 
from  figuring  the  indicator  cards.  Then,  again,  clearance  loss  is 
very  large  in  the  duplex  type  of  pump.  Very  rarely  do  yon 
find  a  pump  making  its  full  stroke  ;  or  if  it  does  on  one  side  it 
will  run  perhaps  shorter  on  the  other ;  consequently  the  clear- 
ance is  a  very  serious  matter.  Take  a  pump  with  say  twenty- 
four  inch  stroke,  and  if  it  is  short  at  one  side  on  one  inch,  it 
adds  four  per  cent,  to  the  clearance  loss,  to  say  nothing  about 
the  normal  or  ordinary  clearance  in  the  cylinders.  I  would 
say  that  the  actual  amount  of  steam  used  by  those  pumps  was 
at  least  fifty  per  cent,  higher  than  he  has  given  in  his  tables. 
The  slippage  he  speaks  about  in  the  feed  pump  is  certainly 
very  little,  and  as  the  water,  I  understand,  was  accurately  meas- 
ured in  tanks,  so  we  must  accept  it  as  quite  correct.  It  cer- 
tainly is  very  favorable,  especially  as  you  remark  the  pumps 
get  pretty  rough  usage.  There  is  no  doubt  but  that,  repeating 
the  remark  that  Mr.  Norris  made,  it  w^ould  really  pay  to  put  in 
a  more  economical  type  of  pumps,  even  if  they  were  the  ordinary 
direct-acting  system. 

Mr.  Henry  I.  SneTl. — In  the  discussion  of  this  paper,  I  would 
like  to  refer  to  Table  No.  4,  on  j^age  57,  where  a  comparison 
is  made  between  the  results  obtained  in  creating  blast  by  a  fan 
blower  of  very  imperfect  construction  and  design,  and  by  steam 
jets.  For  information,  I  would  ask  some  questions  in  regard  to 
some  of  the  data  in  this  table,  which  I  do  not  fully  understand. 

First,  the  average  water  pressure  obtained  by  the  use  of  the 
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steam  jets  is  given  as  A4:  of  an  inch  pressun^  per  s([uare  inch, 
and  with  the  fan  blower  an  average  water  pressure  of  .52  of  an 
inch  was  obtained. 

Second,  the  amount  of  j)ower  in  the  air  delivered  by  the 
steam  jet  is  .172  horse-power,  and  by  the  fan  blower  it  is  .280 
horse-power.  As  the  amount  of  air  delivered,  multiplied  by 
the  velocity  due  their  respective  j^i'essures,  would  be  the  measure 
of  power,  it  would  follow  that  the  fan  was  delivering  the  larger 
volume,  and  this  is  confirmed  by  the  table  itself,  where  it  states 
the  volume  of  air  from  the  steam  jet  is  2,502  cubic  feet  per 
minute,  and  from  tlie  fan  3,506  cubic  feet. 

Third,  the  amount  of  coal  burned  with  the  steam  jets  is 
given  as  962.5  pounds  per  hour,  and  only  762.5  pounds  Avith 
the  fan.  Apparently,  it  would  seem,  the  larger  amount  of  coal 
would  be  consumed  with  the  larger  volume  and  higher  pressure 
of  air,  especially  when  the  combustion  seems  more  complete 
with  the  fan,  as  shown  in  the  table  by  the  percentage  of  ash  in 
the  two  cases. 

Another  point,  he  gives  in  the  same  table  the  percentage  of 
the  total  horse-power  generated  by  the  three  boilers  that  are 
used  by  the  steam  jet  and  by  the  fan  blower,  which,  in  the  case 
of  the  steam  jet,  is  7.4,  and  of  the  fan  4  per  cent.  This  table 
was  first  published  in  the  Colliery  Engineer^  in  answer  to  an 
inquiry  from  one  of  its  correspondents,  who  was  using  steam 
jets  under  his  boiler  grates,  and  who  asks  :  "Could  we  supply 
air  by  fan  power  with  much  greater  economy,  and  just  as  effec- 
tually? "  While  the  results  stated  in  the  pa23er  maybe  correct, 
as  applied  in  this  case,  with  a  fan  not  well  adapted  to  the  work, 
as  would  seem  to  be  the  case  from  the  data  given  in  the  paper, 
yet  the  facts  certainly  are  misleading  in  giving  the  com23arative 
results  obtained  in  innumerable  cases  in  more  modern  practice 
and  application.  In  the  anthracite  regions,  using  the  same  kind 
of  refuse  fuel,  there  are  manj^  cases  where  fans  using  about  18 
horse-power  to  drive  them  are  applied  to  boilers  that  are  devel- 
oping 1,800  to  1,950  horse-power,  and  in  a  paper  read  by  Mr. 
Jay  M.  Whitam  before  this  Society  at  its  St.  Louis  meeting,  he 
gives  the  power  necessary  to  operate  a  fan  applied  to  a  battery 
of  boilers  developing  410.5  horse-power  as  3.21  horse-jDower. 

Taking  the  case  where  blast  is  produced  by  means  of  a  steam 
jet,  I  would  cite  a  test  made  by  Mr.  John  B.  Wagner,  a  member 
of  this  Society,  where   eighteen  plain  cylinder  boilers,  set  in 
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nests  of  tlireo,  (5ac;li  iicst  Iwiviiig  a  ^rato  surface  of  54  square 
feet,  or  a  total  grate  surface  of  3*24  square  feet ;  at  the  rear  of 
tlicsc  boilers  was  a  Climax  boiler,  using  only  the  waste  heat 
from  the  cylinder  boilers.  The  combined  capacity  of  the 
cylinder  and  Climax  boilers  was  520  horse-power ;  the  amount 
of  ri(^e  coal  burned  ])er  grate,  54  s(piar(;  feet,  was  429. )>  pounds 
per  hour,  the  economic  evaporation  was  5.9  pounds  of  water  per 
j)ound  of  coal  under  actual  conditions,  7.08  pounds  of  water  per 
pound  of  coal  from  and  at  212  degrees  Fahr.,  and  10.35  pounds 
of  water  per  pound  of  combustible  from  and  at  212  degrees 
Fahr. 

The  blast  was  produced  by  two  steam  jets  for  each  of  the  six 
furnaces,  and  the  total  amount  of  steam  used  for  the  blast  was 
8.78  per  cent,  of  that  generated.  A  Sturtevant  fan  was  after- 
wards aj)plied  to  this  plant,  and  while  the  rate  of  combustion  was 
increased  about  50  per  cent,  the  power  used  was  not  measured,  as 
it  was  evidently  so  far  inside  the  limits  guaranteed  it  was  un- 
necessary. An  estimate  approximately  made  on  the  basis  of  65 
pounds  boiler  pressure,  100  revolutions  per  minute  of  a  plain 
slide  valve  engine,  9-inch  by  12-inch  cylinder,  and  the  throttle 
open  only  |  of  a  turn,  could  have  developed  not  more  than  5  or  6 
horse-power.  These  facts  would  seem  to  demonstrate  that  the 
average  power  required  to  operate  a  fan  should  not  exceed  about 
1  per  cent,  of  that  developed  by  the  boilers,  while  the  power 
required  to  create  a  blast  by  the  steam  jet  will  be  8  per  cent., 
and  sometimes  more,  and  when  results  like  those  given  in  this 
paper  before  us,  where  the  relative  percentages  of  the  horse- 
power developed  are  given  as  7.4  to  4,  or  a  saving  of  about  50  per 
cent,  by  the  use  of  a  fan,  they  do  not  indicate  the  true  relation  be- 
tween the  fan  and  steam  jet,  which  average  experience  shows 
should  be  about  8  to  1  in  favor  of  the  fan. 

There  is  another  incidental  saving  in  the  use  of  the  fan  blast 
over  the  steam  jet,  in  the  less  amount  of  ash  to  be  disposed  of, 
and  one  superintendent  of  a  coal  mine  told  me  that  by  substi- 
tuting a  fan  blower  for  the  steam  jets,  upon  a  battery  of  24 
cylinder  boilers,  he  was  enabled  to  dispense  with  the  labor  of 
one  man  for  hauling  away  the  ashes,  which  reduced  the  expense 
of  operating  the  plant  of  about  three  hundred  dollars  ($300)  per 
year,  besides  obtaining  a  better  economy  in  the  consumption  of 
coal.  I  have  noted  a  practice  among  the  collieries  of  introduc- 
ing the  exhaust  steam  from  the  fan  engine  into  the  main  air  pipe 


THE   GENEKATTON   AND   UTILIZATION   OF   STEAM.  91 

with  apparently  good  results  as  a  means  of  cooling  the  grates 
and  to  prevent  clinkering. 

Mr.  Allison. — Our  friend  here  speaks  of  putting  in  modern 
pumps  and  so  forth.  I  would  just  remark  that  that  would  not 
diminish  the  quantity  of  water  which  would  have  to  be  pumped, 
or  the  difficulty  attending  the  pumping  of  mine  water  containing 
acids,  and  the  cost  of  fuel  at  the  mines  is  about  the  lowest  notch 
you  can  get  it  to.  The  fuel  at  the  mines  costs  the  minimum 
price,  and  no  modern  pumping  machinery  which  could  be  put  in 
the  Lykens  Yalley  Collieries  would  change  the  conditions.  It 
would  still  remain  true,  that  if  they  could  sell  the  water  instead 
of  the  coal  they  would  make  money. 

Mr.  Wheeler.— JjQ^^  steam  means  fewer  boilers  and  less  labor 
for  attendance.     That  is  an  item. 

Mr,  Ashworth. — I  will  say  this  also  in  connection  with  what 
my  friend,  Mr.  "Wheeler,  has  said  :  Wherever  there  is  waste 
connected  with  any  operation,  while  it  may  be  an  infinitesimal 
factor  immediately  at  that  point,  it  becomes  contagious  through 
all  departments,  and  you  cannot  train  any  of  the  auxiliary 
branches  to  economy  if  a  palpable  waste  is  going  on  in  the  prin- 
cipal departments. 

Air.  H.  N,  Suplee. — As  regards  this  matter  of  putting  in  eco- 
nomical machinery  when  the  fuel  is  very  inexpensive,  I  think  it 
must  be  remembered  that  fuel  is  not  the  only  item,  as  Mr. 
Wheeler  has  just  stated.  I  know  from  my  own  experience  that 
in  a  large  saw  mill,  where  the  fuel  was  a  waste  article — saw  dust 
— "  offal "  as  they  called  it — it  paid  decidedly  to  put  in  econom- 
ical engines  and  boilers  and  install  an  economical  plant  simply 
on  account  of  the  increased  saving  in  handling  and  general 
maintenance.     I  think  this  might  be  a  similar  case. 

Mr.  Henry  C.  Meyer,  Jr.— On  Table  9  the  author  gives  the 
condensation  in  steam  lines,  basing  the  deductions  upon  a  con- 
densation of  .012  of  a  pound  of  steam  for  24  hours  per  square 
foot  per  degree  difference  in  temperature.  I  find  on  the  bottom 
of  page  65  that  that  rate  of  condensation  approximates  very 
closely  to  the  results  obtained  by  Professor  Norton,  which  were 
reported  at  the  Niagara  Falls  convention.  That  is  a  difference 
of  about  20  per  cent,  between  the  results  of  Professor  Norton's 
experiments  and  those  of  Mr.  Brill,  reported  at  Detroit.  I 
think  it  was  Professor  Carpenter  who  raised  the  question  as  to 
whether  the  heat  transferred  from  oil  through  the  pipe  and 
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covorinjy,  tlin  coiHlitions  of  tho  Norton  tests,  was  the  same  that 
it  was  if  steam  was  in  tiio  pi])e,  as  in  the  tests  of  Mr.  Brill.  I 
would  like  to  kTiow  Avhether  tlioro  are  any  data  as  to  which  is 
tho  most  reliable  figure  to  use. 

Mr.  Norriti/''' — In  replying  to  the  discussion  on  the  paper,  it 
seems  proper  to  first  remind  you  of  its  original  purpose,  which 
was  to  state  as  accurately  as  circumstances  permitted  the  actual 
condition  of  the  steam  plants  at  these  two  collieries.  We  are 
well  aware  that  the  plants  are  exiremely  anti(|uated,  and  very  far 
from  economical,  as  are  those  at  practically  all  collieries  in  the 
anthracite  region.  Mr.  Allison's  statements  of  the  enormous 
amount  of  water  pumped  apj^ly  only  to  the  Lykens  Valley  Col- 
liery;  the  pumping  plant  at  Summit  Branch  is  still  larger  and  in 
much  worse  condition.     (See  pp.  72  and  75  and  Tables  5  and  6.) 

It  would  undoubtedly  pay,  as  Mr.  Ash  worth  suggests,  to  tear 
all  the  machinery  out,  root  and  branch,  but  such  a  radical  course 
would  involve  an  expenditure  of  such  proportions  that  it  would 
not  be  considered  for  a  moment  by  the  directors  of  any  anthra- 
cite mining  company  in  the  j^resent  condition  of  the  business, 
so  all  that  is  left  us  is  to  try  and  do  better  with  what  we  have. 
His  criticism  of  the  entire  w^ork  seems  hardly  justified  by  the 
results  obtained.  While  there  are  some  assumptions,  clearly 
stated  as  such  in  the  paper,  a  very  great  effort  was  made  to  ob- 
tain accurate  data  throughout,  under  enormous  difficulties,  as 
the  inside  of  a  mine  is  not  a  favorable  place  for  conducting 
scientifically  accurate  experiments.  The  comparatively  small 
amount  of  steam  unaccounted  for  in  the  large  Lykens  Valley 
plant  (Table  11)  seems  to  indicate  that  the  work  was  done  with 
at  least  reasonable  accuracy,  considering  the  conditions,  and  the 
practical  result  has  been  a  very  large  saving  in  steam.  There 
can  be  but  little  doubt  that  we  have  underestimated  the  cylinder 
condensation  in  the  pumps,  but  not  by  any  means  to  such  an  ex- 
tent as  Mr.  Wheeler  seems  to  think ;  even  if  all  the  unaccounted 
for  steam  (including  all  leakage,  waste  from  cylinder  cocl^s, 
straps,  etc.)  were  to  have  been  used  by  the  Lykens  Valley 
pumps,  their  steam  consumption  would  have  been  but  72 
pounds.  The  comparison  of  these  large  single  mine  pumps  run- 
ning at  very  high  plunger  speeds  with  duplex  boiler  feed  pumps 
is  manifestly  unfair ;  they  are  more  nearly  comparable  with  long- 

*  Author's  closure,  under  tl^.e  Rules. 
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stroke  slow-speed  en<^ines  ;  the  clearance  is  actually  very  small 
iu  percentaf^e,  aiul  they  all  make  practically  full  stroke.  I 
kuow  of  uo  published  experiments  on  the  actual  cylinder  con- 
densation of  pumps  of  this  size  and  type,  and  being  unable  to 
make  any,  was  obliged  to  use  the  only  available  figures  from  en- 
gine practice. 

The  comparison  of  fan  and  steam  jet  draught  was  taken,  as 
stated,  from  the  ColUerij  Engineer.  The  only  probable  ex- 
planation of  the  discrepancies  in  quantities  pointed  out  by  Mr. 
Snell  is  in  the  character  of  the  coal,  which  clinkers  badly,  re- 
quiring a  large  percentage  of  moisture  in  the  air  to  keep  the 
fires  open  with  forced  draught,  and  while  the  exhaust  from  the 
engine  was  sufficient  to  permit  handling  of  the  fires,  they  were 
probably  much  less  open  than  with  the  steam-jet  blast.  The 
fan  was,  as  stated,  not  at  all  an  economical  one,  and  there  is  no 
doubt  that  a  ratio  of  7  or  8  to  1  between  the  economy  of  the 
steam  jet  and  fan  blast  can  be  readily  attained. 

J/r.  Kent. — Did  you  ever  try  injecting  a  little  sj)ray  of  water 
into  the  air  to  cool  the  ashes? 

J//'.  Xorris.—Ye^. 

Mr,  Kent. — Isn't  that  good? 

Mr.  Korris, — Yes,  we  do  that ;  but  we  usually  can  find  enough 
exhaust  steam  to  do  the  work,  and  it  seems  to  last  better  than 
water. 

J/r.  Wheeler. — If  you  would  allow  me  one  minute,  I  would  like 
to  say  to  Mr.  Xorris  that  I  did  not  wish  to  infer  that  the  cylinder 
condensation  was  as  high  as  50  per  cent.  But  I  do  wish  to  say 
this  :  that  we  find  in  direct-acting  pumps  it  usually  rui^s  very 
high  and  is  even  more  than  50  per  cent  under  certain  condi- 
tions. Furthermore,  he  explained  that  most  of  his  pumps  were 
single,  which  I  did  not  know,  and  of  conrse  there  this  item  of 
cjdinder  condensation  is  less.  When  I  referred  to  the  feed 
pumps  of  the  cruiser  Minneapolis  taking  about  90  pounds  weight 
of  steam,  they  were  running  at  a  fair  rate  of  speed,  feeding  the 
main  boilers.  A  duplex  pump  of  the  same  size,  working  on  the 
donkev  boilers  and  runninoj  therefore  verv  slowly,  took  nearly 
200  pounds  weight  of  steam.  If  that  increase  is  not  cylinder 
condensation  I  would  like  to  know  what  it  is,  taking  for  granted 
that  the  strokes  were  the  same  in  each  case  and  therefore  the 
clearance  line — this  was  per  indicated  horse-power  per  hour. 
I  refer  you  to  Chief  Engineer  W.  W.  White's  paper,  published 
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about  a  year  ago,  read  before  the  Society  of  Naval  Architects 
and  Engineers,  entitled  :  "  Steam  Consumption  of  the  Main  and 
Auxiliary  Machinery  of  the  U.  S.  Cruiser  Minneapolis." 

Mr.  Norris. — Our  mine  pumps  were  running  at  a  very  high 
speed,  at  which  pumps,  especially  single-acting  ones,  are  apt  to 
make  nearly  full  stroke,  and  owing  to  the  very  long  average  stroke 
(nearly  (>  feet)  the  clearance  is  exceedingly  small.  We  found  the 
consumption  of  steam  in  our  boiler  feed  pumps  enormous  at 
times,  much  exceeding  that  in  the  mine  pumps. 

3fr.  ly/ieeler. — I  considered  that  a  very  favorable  showing  for 
those  pumps,  even  allowing  the  moderate  clearance  loss. 

Mr.  Norris. — As  regards  the  condensation  losses  referred  to 
by  Mr.  Meyer,  it  will  be  noted  that  we  made  two  tests  (page  65), 
the  results  of  which  agreed  almost  exactly  with  those  obtained 
by  Mr.  Brill;  these  two,  however,  were  made  on  pipe  with  cover- 
ing better  than  our  average  condition,  and  for  our  average 
covering  the  figure  0.012  pound  condensation  in  24  hours 
per  square  foot  for  1  degree  Fahr.  difference  in  temperature 
(the  figure  obtained  by  Mr.  Norton)  was  considered  safer.  Our 
coverings  are  principally  asbestos. 

Mr.  Ashworth's  remarks  as  to  the  contagion  of  waste  in  any 
department  hardly  apply  to  the  steam  plant  of  anthracite  col- 
lieries. The  waste,  while  very  large,  is  not  palpable  to  the  ordi- 
nary miner  or  laborer,  and  it  does  not  seem  just  to  cast  such  a 
broad  aspersion  uj)on  the  management  of  anthracite  mining, 
which,  except  in  this  one  particular,  is  almost  universally  nota- 
bly efficient  and  economical,  especially  as  the  coal  used  for 
steam  purposes  was,  up  to  a  few  years  ago,  practically  a  waste 
product,  and  the  steam  plants,  as  they  are  now,  have  developed 
under  that  condition. 
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DCCXCV.* 

IMPE  0  VEMENTS  IN  S  TEA  M  B  OILERS,  A  ND  THE  B  RICK 

SETTINGS  OF  SAME. 

BY  WILLIAM   liARNET   LE  VAN,   PHILADELPHIA,    PA. 

(Member  of  the  Society.) 

This  boiler  lierewitli  presented  is  of  the  liorizontal-flue  class  ; 
and  its  object  is  to  afford,  in  connection  with  structural  strength 
and  simplicity,  effective  and  desirable  means  for  the  generation 
of  high-pressure  steam,  which  in  operation  shall  present  the 
advantages  of  freedom  from  foaming,  quick  steaming  capacity 
and  production  of  superheated  steam,  ample  releasing  surface 
and  steam  room,  tliorough  utilization  of  heat  and  combustion  of 
the  gases  evolved  from  the  fuel,  and  facility  of  removal  of  scale 
or  deposit  of  solid  matter. 

The  writer,  after  an  experience  of  over  forty  years,  is  satisfied 
that  it  is  the  best  form  of  boiler  which  can  be  erected,  consid- 
ering all  conditions.  At  the  present  time  the  desire  of  most 
boiler-makers  is  to  secure  accuracy  and  solidity  of  workmanship, 
which  will  defy  for  a  long  period  the  continual  strain  due  to  the 
high  steam  pressures  now  carried  to  produce  economy  in  fuel. 

The  improved  horizontal  boiler  is  shown  in  Fig.  22  in  longitu- 
dinal vertical  section  upon  the  line  dd  of  Fig.  23,  and  is  so  ar- 
ranged that  the  conducting  power  of  the  metal  removes  the  heat 
from  its  inner  surface  by  the  perfect  circulation  of  the  contained 
water  due  to  the  slight  incline  of  the  main  shell  from  front  to 
rear,  so  as  to  put  the  largest  body  of  water  at  the  back  end, 
which  is  located  in  the  hottest  part  of  the  furnace  when  fired 
with  a  flaming  fuel ;  the  flues  being  so  arranged  with  a  large 
water  space  on  the  bottom,  and  ample  waterways  on  each  side 
between  flues  and  shell,  as  not  to  impede  the  fall  of  water  to 
the  bottom  of  the  boiler. 

It  is  well  known  that  water,  on  account  of  its  caj)acity  for 

*  Presented  at  the  New  York  meeting  (November,  1898)  of  tlie  American  Society 
of  Mechanical  Engineers,  and  forming  pan  of  Volume  XX.  of  the  Transactions. 
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lioiit,  should  liavo  its  spaces  witliin  tlio  boiler  so  arranged  as  to 
give  it  free  access  to  tlic  surface  that  receives  the  greatest  heat. 
The  well-knowu  law,  deducc^d  from  experiments,  is  that  a  given 


area  of  plate  surface,  after  its  temperature  has  become  constant, 
will  transmit  the  entire  number  of  units  of  heat  received,  if  the 
recipient  be  water.  If  the  recipient  be  steam,  it  will  transmit 
only  60  per  cent.     Therefore,  the  free  and  adequate  means  of  cir- 
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dilation  of  the  water  and  unobstructed  access  to  tlie  platcis  are 
the  advantages  attained  in  this  boiler. 

It  is  a  well-known  fact  that  steam  cannot  ordinarily  be  super- 
heated when  in  contact  with  the  water  from  which  it  is  gen- 
erated. I  therefore  have  isolated  the  steam  from  the  water  by 
making  the  steam  drum  of  large  dimensions  and  connecting  it  to 
the  main  shell  of  the  boiler  by  a  single  neck  located  at  the  front 
end  of  the  boiler  and  taking  the  steam  from  the  rear  end  of  the 
superheating  steam  drum,  thus  allowing  time  for  the  surround- 
ing highly  heated  gases  to  evaporate  any  entrained  water  or 
foam  in  the  steam  drum  before  leaving  the  boiler. 

Fig.  23  shows  the  duplex  fire  front  with  cleaning  door  to  steam 
drum,  and  flue  doors,  fire  and  ash-pit  doors,  feed  and  blow-oif 
pipes,  water  columns,  and  cold-air  registers  for  supplying  hot 
air  into  the  ash  pit  when  ash-pit  doors  are  closed. 

Fig.  24  shows  a  horizontal  half-section  through  the  line  ee  of 
Fig.  22.  Fig.  25  is  a  similar  section  through  the  line  ff  of  same 
figure,  showing  plan  of  foundation  of  the  boiler  setting.  Figs.  2G, 
27,  and  28  are  vertical  half-sections  upon  the  lines  aa,  hh,  and  cg 
of  Fig.  22,  respectively.  Fig.  29  is  a  half  rear  view  of  the  back 
of  boiler  setting. 

The  improved  boiler  is  a  cylindrical  shell  composed  of  a  series 
of  rims  or  plates,  31,  32,  and  33,  which  are  riveted  one  to  an- 
other in  telescopic  form  successively,  and  continuously  increas- 
ing in  diameter  from  the  front  head  34  to  the  back  head  35. 
The  usual  flues  extend  from  the  front  to  the  back  end,  in  the 
usual  manner,  and  are  preferably  so  arranged  as  to  leave  suffi- 
cient clear  space  at  the  bottom  of  the  boiler  for  a  man  to  enter 
underneath  the  flues,  and  also  leaving  space  between  the  fire 
flues  and  the  shell  of  the  boiler  along  the  sides  of  the  latter,  so 
as  to  allow  a  free  circulation  of  water  along  the  hottest  portion 
of  the  boiler  shell  from  the  top  to  the  bottom  of  the  same. 

A  cylindrical  superheating  steam  drum,  37,  38,  39,  is  con- 
nected to  the  main  shell  of  the  boiler  at  a  point  adjacent  to  its 
front  end  by  a  single  neck,  40,  so  that  the  drum  shall,  when  the 
boiler  is  in  working  position,  be  horizontal,  or  substantiall}^  so, 
while  the  main  shell  of  the  boiler  rakes  downwardly  towards  its 
rear  and  larger  end,  35.  The  superheating  steam  drum  is  con- 
structed telescopically  in  a  manner  analogous  to  the  main  shell, 
its  rear  rim,  39,  being  the  largest  in  diameter.  The  steam  out- 
lets, 14  and  41,  are  connected  to  this  steam  drum,  the  safety 
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vjilvc^'s  outlot,  14,  l)oiiif^'  ('xtendod  on  tlio  inside  of  the  drum  rear- 
w.irdlv  as  fjir  l)Jick  as  tin;  rim,  ''0,  in  order  to  secure  absolutely 
dry  superlieated  steam. 

The  transverse  joints  of  shells  are  single  riveted,  longitudinal 
seams  triple  riveted  hutt  joints,  with  inside  and  outside  cover- 
ing strips.      All  the   longitudinal  joints  are  placed  above  the 


Fig.  23. 


vrater  line.  Heads  are  well  stayed  with  angle  iron  and  braced 
by  l^iich  rods  one  to  the  other,  thus  releasing  transverse  joints 
from  longitudinal  strain.  The  braces  are  fitted  with  '-pipe 
swivels  "  or  tiirnbuckle,  with  screw  ends  cut  right  and  left  handed 
so  as  to  equalize  the  strain  on  the  heads  The  fines  are  well 
expanded  into  and  beaded  over  end  plates,  and  so  arrancred  that 


IMPROVEMENTS   IN    STEAM   BOILERS   AND   THEIR  BaiCK   SETTINGS.     90 

there  is  a  clear  sj^ace  vertically  of  3  inches  between  shell  and 
flues,  to  allow  a  free  circulation  of  the  water. 

The   neck  connecting  the  superheating   steam  drum   to  the 


main  shell  should  be  at  least  16  inches  internal  diameter.  To 
reenforce  the  above,  due  to  the  large  opening  for  the  neck,  the 
openings  are  cut  small  in  the  former  and  latter,  and  are  each 
flanged  outwardly   to   fit    the    neck   and   riveted   to  the    same, 
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thereby  reducinj^  tlie  weakeuiiig  of  tin;  sli(;lls  caused  by  the 
lenioval  of  metal. 

All  the  rivet  holes  are  punched  ;{'l>  of  an  inch  less  in  diameter 
than  the  rivet ;  and  when  all  the  plates  are  brought  well  to- 
gether in  place  by  t(*niporary  bolts,  tln^  holes  are  reamed  fair  to 
receive  the  rivets  and  countersunk  slightly  so  as  to  form  a  fillet 
to  rivet  head,  the  countersinking  being  done  by  a  steel  pin,  so 
that  there  is  no  reduction  in  value  of  the  plates — as  would  be 
the  case  if  cut  away  b}^  a  reamer. 

Manholes,  11  x  15  inches,  oval  or  an  ellipsis  in  form,  are 
placed  in  the  front  heads. 

All  the  shell  plates  are  best  mild  steely  and  do  not  exceed 
60,000  pounds  per  square  inch  tensile  strength,  with  an  elonga- 
tion of  30  to  50  per  cent,  in  specimens  1  inch  wide  and  2  inches 
long,  and  a  reduction  of  area  35  to  60  per  cent.  All  plates  are 
also  subject  to  the  temper  test,  which  consists  of  heating  a  strip  of 
plate,  say  2  inches  wide  and  15  inches  long,  to  a  bright  red  and 
plunging  it  into  Avater  of  about  80  degrees  temperature  and 
then  bending  it  cold.  The  range  and  suddenness  of  the  change 
of  temperature  in  cooling,  and  the  degree  of  consequent  bend- 
ing of  the  plate,  will  serve  to  indicate  its  quality  with  respect  to 
ductility  and  soundness. 

As  before  stated,  all  horizontal  seams  are  double  welt  butt 
joints,  triple  riveted.  Thus  the  shearing  of  the  rivets  must  oc- 
cur in  three  places ;  and  on  this  account  their  resistance  is  very 
nearly  twice  as  great  as  in  other  joints.  This  joint  is  free  from 
the  distortion,  on  account  of  the  oblique  action  of  the  stress  on 
the  rivets,  to  which  the  lap  joints  and  single  welt  butt  joints 
are  subject.  These  butt  joints  distribute  the  strain  at  the  joint 
uniformly  over  the  whole  section  of  the  metal,  whereas  with 
an  ordinary  lap  joint  the  strain  is  concentrated  at  the  edges  of 
the  overlapping  plates.  All  transverse  joints  are  shrunken  to- 
gether, and  the  rivet  holes  reamed  to  rivet  size  and  slightly 
countersunk. 


Imj)Toper  Boiler  Settings  Augment  the  Production  of  Smoke. 

The  real  cause  of  the  formation  of  smoke  from  our  power 
plants  is  due  to  the  absence  of  the  proper  supply  of  air  for  the 
combustion  of  the  gas  (the  only  combustible  that  it  contains) 
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at  tlie  time  Avhon,  from  its  lii«yli   tompeiMture   of  iiicandesoence 
it  is  best  fitted  to  receive  it. 

Up  to  the  present  time  boiler  engineers  have  not  given  due 


consideration  to  the  providing  for  the  admission  of  this  supply 
of  air  to  the  furnace  at  the  proper  time  and  in  the  proper  quan- 
tity, it  being  considered  of  secondary  importance,  and  in  a 
majority  of  cases  is  wholly  neglected. 

C.  Wye  Williams  says  the  idea  is  palpably  erroneous  that 
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smoke  once  foriiiod  can  bo  consumed  in  the  furnace  in  wliicli  it 
is  generated.  The  formation  of  smoke,  in  fact,  arises  out  of  the 
failure  of  some  of  tlie  j)roces8es  preparatory  to  combustion,  or 
the  absence  of  some  one  of  the  conditions  wliicli  are  essential 
to  that  consummation  from  which  light  and  heat  are  obtained. 
To  expect,  tlien,  tliat  smoke,  which  is  the  very  result  of  a  de- 
ficient sup})ly  of  heat  or  air,  or  both,  can  be  consumed  in  the 
furnace  in  which  such  deficient  supply  has  occurred,  is  a  mani- 
fest absurdity,  seeing  that  if  such  heat  and  air  had  been  sup- 
plied this  smoke  would  not  have  existed.  Smoke  is  the  uncon- 
sumed  portion  of  l)lack  carbon ;  insignificant  though  it  may  be 
in  weight  or  volume,  this  carbon  of  the  gas  is  the  sole  black- 
coloring  element  of  smoke.  Flame  is  not  the  combustion  of  the 
gas.  Flame  itself  has  to  undergo  a  further  process  of  combus- 
tion, being  but  a  mass  of  carbon  atoms  still  unconsumed,  though 
at  the  temperature  of  incandescence  and  high  luminosity.  Flame 
is,  then,  but  one  of  the  stages  of  the  process  of  combustion. 
Its  existence  marks  the  moment,  as  regards  each  atom  of  its 
separation  from  and  the  combustion  of  its  accompanying  hydro- 
gen, by  which  so  intense  a  heai;  is  produced  as  instantaneously 
to  raise  the  solid  carbon  atom,  then  in  contact,  to  that  high 
temperature ;  thus  preparing  it  the  more  rapidly  to  combine 
with  oxygen  so  soon  as  it  shall  have  obtained  contact  with  the 
air,  but  not  a  moment  sooner. 

As  boilers  are  commonly  erected,  instead  of  admitting  the 
air  while  the  carbon  in  the  fire  chamber  is  at  its  highest  tem- 
perature, the  custom  is  first  to  allow  the  carbon  particles,  or 
even  force  them,  to  cool  down,  by  contact  with  the  metallic  sides 
and  flues  or  tubes,  to  the  state  of  soot ;  and  then  expect,  by 
some  mechanical  apparatus,  to  restore  them  to  the  necessary 
temperature  from  which  they  had  been  so  gratuitously  reduced. 
In  the  improved  boiler  setting,  as  will  be  explained  further  on, 
the  air  is  admitted  to  the  carbon  over  the  fire  grate  before  the 
high  temperature  of  the  carbon  is  reduced  by  coming  in  contact 
with  the  flues. 

The  first  thing  requisite  in  a  proper  boiler  setting  is  to  pro- 
vide for  the  admission  of  the  quantity  of  air  chemically  required 
for  the  perfect  combustion  of  a  given  quantity  of  coal,  of  the 
quality  commonly  used  for  steam  purposes.  The  amount  of  air 
to  each  pound  of  coal  has  been  determined  by  experiments  to 
be,  in  round  numbers,  150  cubic  feet,  of  which  45  cubic  feet  are 
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required  for  tlio  various  carburetted  bydrogon  gases  giveu  off, 
aud  105  for  the  solid  carbon.  The  practical  utility  of  this 
knowledge,  however,  is  much  impaired  by  the  circumstance  that 
combustion  ceases  even  in  pure  oxygen,  and  much  more  so  in 
air,  before  the  whole  of  the  oxygen  present  has  entered  into  the 
new  chemical  combinations  required.  It  is  also  known  tliat 
carbonic  acid  gas  exerts  a  positive  influence  in  checking  com- 
bustion, as  a  candle  wdll  not  burn  in  a  mixture  composed  of  four 
measures  of  air  and  one  measure  of  carbonic  acid  gas. 

Large  quantities  of  tliis  gas  are  generated  by  the  combustion 
of  the  solid  carbon  on  the  grate,  and  are  necessarily  mechani- 
cally mixed  wdtli  the  inflammable  gases  as  they  rise.  The  quan- 
tity of  air  required  for  their  subsequent  combustion,  therefore, 
must  be  increased  to  a  very  large  extent.  The  wdiole  of  the  air 
thus  supplied  in  excess  must  be  heated  to  a  very  high  tempera- 
ture before  any  combustion  can  take  place,  and  the  loss  of  heat 
thus  absorbed  must  be  taken  into  account  in  calculating  the 
ultimate  economy  of  igniting  these  gases. 

In  the  combustion  of  the  solid  j^ortion  of  coal,  as  left  in  an 
incandescent  state  on  the  fire  grates  of  a  common  furnace,  after 
the  volatile  gases  have  i^assed  off,  the  amount  of  heat  generated 
by  the  whole  of  the  carbon,  uniting  at  once  with  its  full  amount 
of  oxygen,  will  be  the  same  as  would  be  generated  by  its  com- 
bination, first,  wdth  a  smaller  quantity  of  oxygen,  forming  car- 
bonic oxide,  and,  subsequently,  by  the  ignition  of  this  gas,  by 
its  combination  wdth  the  further  quantity  of  oxygen  required 
to  turn  it  into  carbonic  acid  gas. 

As  some  portion  of  the  carbon  is  always  converted  into  car- 
bonic acid  gas  in  the  furnace,  it  follows  that  the  air  for  the 
ignition  of  any  carbonic  oxide  there  formed  and  allow^ed  to  pass 
into  the  flues  must  be  greatly  in  excess  of  the  quantity  chemi- 
cally required ;  and  the  wdiole  of  this  excess  must  be  raised  to 
the  temperature  of  the  other  gases  wdth  which  it  will  commingle. 

The  superior  economy,  therefore,  of  at  once  converting  the 
whole  of  the  carbon  into  carbonic  acid  gas  is  apparent ;  and 
there  is  no  doubt  that  this  very  desirable  result  may  be  ob- 
tained nearly  to  the  full  extent  by  due  care  in  the  formation  and 
subsequent  management  of  the  furnace. 

The  best  mode  of  supplying  air  to  the  other  inflammable  gases 
resulting  from  the  combustion-  cf  the  fuel,  which  are  composed 
of  hydrogen  and  carbon,  besides  that  wdiich  is  passed  through 
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ilio  m*a,tfi-bars  of  tlio  funi;ic-(%  has  hoon  a  mattor  of  much  contro- 
versy,  and  Ix^on  thn  suhjoct  of  many  ])ateiits,  but  it  has  been 
found  by  a  lar^c^  numbor  of  oxpoiimonts  that  the  proper  place 
to  introduce  it  is  throuj^di  the  front  of  tlie  furnace,  inchiding  the 
fire  door,  tlie  hitter  being  constructed  hollow,  with  an  inside 
linin<^  perforated  with  a  large  number  of  small  holes  and  a  reg- 
ister on  the  outside  of  the  door  that  can  be  regulated  by  the 
fireman  to  a^bnit  the  exact  quantity  required,  according  to  the 
kind  of  fuel  used,  by  actual  observation  through  the  sight'  or 
"  pee])  holes,"  9  and  9,  covered  witli  glass,  and  situated  directly 
over  the  furnace  door.  The  additional  air  passed  through  the 
furnace  door  is  heated  by  the  thin  liners. 

As  the  carburetted  hydrogen  gases  are  generated  rapidly  on 
the  application  of  heat  to  the  coal,  and  are  in  themselves  much 
lighter  than  carbonic  acid  gas,  or  the  nitrogen  gas,  formed  at 
the  same  time,  it  is  sometimes  assumed  that  they  rise  nearly 
unmixed  to  the  top  of  the  space  over  the  fire  grates. 

Therefore,  the  boiler  should  be  set  from  30  to  40  inches  above 
the  grate  bars,  which  allows  ample  room  for  the  air  admitted 
through  the  furnace  doors  and  fire  fronts,  and  the  gases  to  mix 
and  combine.  To  accomplish  this  thoroughly,  the  products  of 
combustion  are  partially  delayed  by  a  "  septum  "  or  division 
wall,  22,  Figs.  22  and  27,  which  separates  the  fire  grate  and  com- 
bustion chamber,  21,  from  the  back  end  of  the  boiler  where  the 
gases  enter  the  flues,  and  by  the  interposition  of  the  septum 
wall  the  gases  of  combustion  are  retained  in  prolonged  contact 
also  with  the  wetted  surface  of  the  shell.  This  division  wall 
extends  up  to  and  completely  around  the  boiler,  causing  an  up- 
ward and  a  downward  course  of  the  current  of  hot  gases,  thus 
insuring  a  better  combustion  and  positively  assuring  the  thor- 
ough commingling  of  the  fuel  gases  and  the  atmospheric  oxygen 
by  expanding  and  contracting  their  volume  from  one  chamber 
to  the  other,  thus  compelling  them  to  come  in  contact  with  the 
highly  heated  fire-brick  division  wall,  22,  and  forming  flame, 
which  cannot  exist  below  a  temperature  of  at  least  800  degrees 
Fahr.        ' 

By  this  means  greater  efficiency  is  obtained  by  reason  of  the 
slight  retardaticn  in  the  velocity  of  the  gases  of  combustion  in 
their  exit  from  the  combustion  chamber. 

The  combustion  chamber  over  the  grate  bars  is  continued  up 
to  the  water  line,  leaving  a  space  between  the  boiler  and  com- 
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bustion  chamber  walls  of  6  inches,  thereby  allowin*^  the  products 
of  combustion  to  impinge  on  all  the  vetted  surface  before  enter- 
ing the  flues  at  its  highest  temperature,  thus  securing  absorp- 
tion at  the  greatest  heat,  while  the  balance  is  passed  through 
the  flues  and  around  the  steam  drum  into  the  chimney  at  a 
temperature  which  renders  the  use  of  a  separate  economizer 
unnecessary. 

Incomplete  combustion  of  fuel  in  the  ordinary  boiler  setting 
is  due  to  the  shallowness  of  the  combustion  chamber  over  the 
fire  grates,  and  want  of  proper  air  supply,  causing  the  chilling  and 
extinguishing  of  flame  through  contact  with  the  surface  of  the 
boiler  before  the  combustion  is  completed.  This  is  entirely 
obviated  in  this  improved  boiler  setting,  as  can  be  seen  through 
the  observation  holes  in  the  fire  front. 

The  injurious  effect  of  leaving  too  little  room  hehceen  tlie  fire- 
grates and  the  holler,  thereby  refrigerating  the  flame,  may  be 
illustrated  by  a  very  simple  experiment.  If  a  small  copper  or 
porcelain  capsule  containing  water  be  held  over  the  flame  of  a 
gas  burner,  a  little  above  its  apex,  the  flame  will  suffer  no  abate- 
ment of  brightness  or  size,  but  will  continue  to  keep  the  water 
briskly  boiling.  If  the  capsule  be  now  lowered  into  the  middle  of 
the  flnme,  the  latter  will  immediately  lose  its  brightness,  becom- 
ing dull  and  smoky,  covering  the  bottom  of  the  capsule  with 
soot,  and  owing  to  the  imperfect  combustion,  although  the 
water  is  now  surrounded  by  flame,  its  ebullition  will  cease. 

It  is  a  well-known  fact  that  metal  flues  act  as  extinguishers  of 
flame  ;  therefore,  to  produce  the  best  results,  it  is  necessary 
that  the  combustion  of  the  gases  evolved  from  the  fuel  be  en- 
tirely completed  before  they  reach  the  flues,  and  this  is  accom- 
plished, in  conjunction  with  the  "  septum  "  wall,  by  making  a 
duplex  fire  chamber  the  depth  of  the  fire  grate. 

In  my  practice  I  have  found  a  considerable  imj^rovement  was 
effected  by  constructing  duplex  furnaces.  It  has  the  important 
advantage  of  rendering  any  interference  with  the  supply  of  air 
unnecessary,  by  giving  uniformity  to  the  quantity  of  gas  from 
the  bridge  wall  to  the  flues ;  since,  by  firing  the  two  furnaces 
alternately,  the  supply  of  gas  is  equalized  on  entering  the  flues. 

By  the  use  of  duplex  fire  chambers  a  very  important  result 
is  gained,  consisting  in  the  fact  that  the  heat  of  the  gases 
evolved  from  the  fuel  in  the  fire  chambers  is  absorbed  by  the 
division  wall  between  the  tvro  furnaces,  and  while  cleaning  the 


10()      IMPHOVKMKNTH    IN    Sl'KAM    liOlI.EllS    AKD    'J'llEIK    lUlICK    SETTINGS. 

grate  bars  of  oiio  of  the  chainhers  from  ashes  and  clinker,  etc., 
the  steam  prc^ssure  in  the  l)oiku'  is  not  s(nisil)ly  rculuced,  due  to 
the  stored  hoat  <^iven  out  hy  tlie  highly  heated  division  wall, 
the  same  being  the  case  in  i)utting  on  fresh  fuel.  The  furnace 
can  also  be  fired  alternately,  thus  maintaining  a  regular  steam 
pressure  in  the  boiler. 

Some  engineers  entertain  the  opinion  that  a  sufficient  supply 
of  air  for  the  gases  may  l^e  obtained  through  the  grate  bars; 
and  it  is  obvious  that  a  partial  supply,  at  least,  may  be  ob- 
tained in  tliis  manner  by  a  judicious  management  of  the  fire. 
This  may  be  effected  by  keeping  the  fires  thin  and  open,  and 
feeding  the  fuel  in  small  quantities  at  a  time.  The  air  which 
passes  through  is  not  vitiated  further  than  in  being  mechani- 
cally mixed  with  the  carbonic  acid  and  nitrogen  gases,  caused 
by  the  combustion  of  the  coal  on  the  grate  bars. 

The  perfect  combustion  of  the  whole  ingredients  of  coal  being 
entirely  dependent,  chemically  considered,  on  the  supply  of  the 
quantity  of  atmospheric  air,  it  is  evident  that  the  velocity  with 
which  the  air  flows  into  the  fire  will  materially  affect  the  result. 
According  as  the  velocity  is  greater  or  less,  so  in  proportion 
must  the  quantity  of  coal  that  is  to  be  consumed  on  a  given 
area  of  grate  be  increased  or  diminished,  and  there  is  no  limit 
to  the  quantity  that  may  be  so  consumed,  beyond  the  difficulty 
of  supplying  the  air  sufficiently  rapidly.  The  various  circum- 
stances which  affect  the  velocity  of  the  entering  air  have  placed 
this  question,  as  yet,  completely  beyond  the  reach  of  theory,  so 
that  practical  experiments  must  be  taken  as  the  only  guide  in 
determining  what  quantity  of  air  can  be  made  to  enter  into  a 
given  furnace,  and,  consequently,  what  amount  of  coal  can  be 
properly  consumed  in  a  given  time. 

The  air,  in  my  improvement,  for  the  supply  of  the  fire  is 
not  taken  wdiolly  through  the  ash  pit  doors.  These  latter  are 
kept  almost  shut — in  fact,  at  times,  entirely  shut.  The  air 
supply  is  delivered  into  the  ash  pit,  not  in  a  cold  stream,  but 
hot.  A  double  air  flue,  26,  Fig.  25,  is  formed  in  the  outer  casing  on 
each  side  of  .the  boiler,  as  well  as  around  the  back  end,  and  also 
under  the  bridge  wall  there  is  formed  a  hot-air  chamber,  42, 
which  receives  all  the  hot  air  which  radiates  from  the  inner 
walls.  By  this  arrangement  the  air  entering  tlie  inlet  registers, 
10,  10,  Fig.  23,  located  in  the  flre  front,  passes  the  whole  length 
of  the  side  walls,  and  is   delivered  into  the  hot-air   chamber. 
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under  the  bridge  wall,  and  from  there  it  is  delivercnl  under  the 
grate  bars  at  a  high  temperature,  having,  in  passing  amongst  the 
hot  bricks,  become  considerably  increased  in  volume,  due  to  its 
absorption  of  heat,  so  that  it  becomes  an  actual  hot  blast 
through  the  bed  of  coals,  resulting  in  a  very  perfect  combustion 
of  the  fuel. 

The  advantage  of  considerable  amount  of  space  in  the  furnace 
over  the  fire  grates  has  been  already  mentioned,  but  no  very 
decisive  ex^periments  have  been  made  on  this  subject.  Three 
cubic  feet  of  space  to  each  superficial  foot  of  grate  bar  surface 
may  be  stated  as  a  good  proportion  where  there  is  nothing  to 
prevent  this  amount  being  obtained.  When  the  space  is  reduced 
below  one  foot  and  a  half  of  grate  it  will  be  found  to  be  at- 
tended with  a  marked  disadvantage. 

The  area  of  the  flue,  and  subsequently  of  the  chimney,  through 
which  the  products  of  combustion  must  pass  off,  must  be  regu- 
lated by  the  bulk  and  the  velocity  of  the  latter.  The  quantity 
of  air  chemically  required  for  combustion  of  1  pound  of  coal 
has  been  shown,  as  stated,  to  be  in  round  numbers  150  cubic 
feet,  of  which  45  enter  into  combustion  with  the  gases,  and  105 
with  the  solid  portion  of  the  coal.  From  the  chemical  changes 
which  take  23lace  in  the  combination  of  the  hydrogen  with 
oxygen  the  bulk  of  the  j^roducts  is  found  to  be,  to  the  bulk  of 
the  atmospheric  air  required  to  furnish  the  oxygen,  as  10  to 
11.  The  amount  is,  therefore,  about  49  in  round  numbers. 
This  is  without  taking  into  account  the  augmentation  of  the 
bulk,  due  to  increase  of  the  temperature. 

In  the  combination  which  takes  place  between  the  carbon  and 
the  oxygen  the  resultant  gases  (carbonic  acid  gas  and  nitrogen 
gas)  are  of  exactly  the  same  bulk  as  the  amount  of  air,  that  is, 
105  cubic  feet,  exclusive,  as  before,  of  the  augmentation  of  bulk 
from  the  increase  of  temperature.  The  total  amount  of  the 
products  of  combustion  in  a  cool  state  would  therefore  be  : 

49  +  105  =  154  cubic  feet. 

The  general  average  temperature  of  a  boiler  furnace  has  not 
been  very  satisfactorily  ascertained,  but  it  may  be  assumed  at 
about  1,200  degrees  Fahr.,  and  at  this  temperature  the  products 
of  combustion  would  be  increased,  according  to  the  laws  of 
expansion  of  aeriform  bodies,  to  about  three  times  their  original 
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l»iilk.  'I1h'  bulk,  tlioreforo.  of  tlio  ])r()(lucts  of  comlmstioD, 
which  must  pass  of,  iiinst  1k^  iis  follows  : 

154  X  3  =.  4(;'2  cul)ic  feet. 

At  a  velocity  of  40  foot  per  second,  the  area,  to  allow  this 
(piaiitity  to  pass  ofi*  in  an  liour,  is  0.52  square  inch.  In  a  boiler 
furnace  in  which  12  pounds  of  coal  are  burnfc.-on  a  square  foot 
of  f^rate  per  hour  11  u^  area  to  every  square  foot  of  grate  would  be  : 

0.52  X  12  -  0.24  square  inches  ; 

and  the  proportion  to  each  foot  of  grate,  if  the  rate  of  combus- 
tion be  higher  or  h^wer  than  12  pounds,  may  be  found  in  the 
same  way.  This  area  having  been  obtained  on  the  supposition 
that  no  more  air  is  admitted  than  the  quantity  chemically  re- 
quired, and  that  the  combustion  is  complete  and  perfect  in  the 
furnace,  it  is  evident  that  this  area  must  be  much  increased  in 
practice  where  we  know  these  conditions  are  not  fulfilled,  but 
that  a  large  surplus  quantity  of  air  is  always  admitted.  A  limit  is 
thus  found  for  the  area  over  the  bridge,  or  the  area  of  the  flue 
immediately  behind  the  furnace,  below  which  it  must  not  be 
decreased,  or  the  volume  of  gas  could  not  pass  off,  and  con- 
sequently the  proper  quantity  of  air  could  not  enter  and  the 
combustion  would  be  proportionally  imperfect.  It  will  be  found 
advantageous  in  practice  to  make  the  area  2  square  inches 
instead  of  0  52  square  inch. 

The  imperfection  of  the  combustion  in  any  furnace,  where  it 
is  less  than  one  and  one-half  ( 1.5j  square  inches,  wall  be  rendered 
very  apparent  by  the  quantity  of  carbon  wdiich  will  rise  un con- 
sumed along  with  the  hydrogen  gas.  This  would  give  24  square 
inches  of  area  over  the  bridge  wall  to  every  square  foot  of  grate 
in  a  furnace  in  which  the  rate  of  combustion  is  12  pounds  of 
coal  on  each  square  foot  per  hour,  and  so  in  proportion  for  any 
other  rate. 

Taking  this  area  as  the  proportion  for  the  products  of  com- 
bustion immediately  on  their  leaving  the  furnace,  it  may  be 
gradually  reduced  as  it  approaches  the  chimney  on  account  of 
the  reduction  in  the  temperature,  and  consequently  in  the  bulk 
of  the  gases.  Care  must,  however,  be  taken  that  the  flues  are 
nowhere  so  contracted,  nor  so  constructed,  as  to  cause,  by  sharp 
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bends,  or  in  any  otlier  way,  any  obstruction  to  the  (b-aft,  other- 
wise similar  bad  consequences  will  ensue. 

The  septum,  or  perforated  wall,  partially  retards  the  current 
of  flame,  or  hot  gases,  by  reason  of  such  gases  impinging  against 
such  septum,  the  result  being  that  the  stratum  of  gases  in 
immediate  contact  with  the  wall  is  first  retarded  in  the  speed  of 
its  flow,  and  this  results  in  a  measurable  retardation  of  the 
entire  stream,  with  the  final  result  that  an  intermingling  of  all 
the  gases  is  effected,  and  part  of  the  heat  of  all  parts  of  the 
stream  is  imparted  to  the  septum  until  the  latter  becomes 
incandescent,  after  which  its  heat  aids  in  effecting  the  perfect 
combustion  of  the  gases. 

Another  very  prevalent  practice,  and  which  also  would  seem 
to  be  open  to  serious  objections,  is  that  the  flues  formed  of  brick- 
work are  frequently  made  of  much  greater  area  in  one  part  than 
in  another.  The  effect  of  this  is  evidently  to  cause  a  very  slaw 
and  languid  current  in  the  larger  part  of  the  flue. 

The  proper  amount  of  surface  that  ought  to  be  given  in  a  flue 
to  carry  off  the  heat,  or  to  cool  down  a  given  quantity  of  heated 
gases,  has  not  yet  been  investigated  with  any  degree  of  accuracy, 
and  practice  varies  widely  under  different  circumstances.  At 
the  present  writing  the  usual  amount  of  heating  surface  is  30 
square  feet  to  1  of  grate. 

The  time  occupied  by  the  gases  in  passing  through  the  boiler 
from  the  instant  of  their  generation  to  that  of  their  leaving  the 
boiler,  and  the  length  of  the  course  through  which  they  have 
travelled,  have  sometimes  been  looked  upon  as  matters  of  great 
importance.  "Where  the  gases  are  travelling  in  one  compact 
mass  it  is  evident  that  distance,  and  consequently  time  (as  the 
velocity  with  which  the  current  flows  is  the  same  in  all  cases), 
must  be  allowed  for  the  different  particles  of  this  large  mass 
so  to  circulate  among  themselves  as  that  each  may  have  an 
opportunity  of  coming  into  contact  with  a  cooling  medium,  to 
give  off  its  heat ;  but  if  the  large  mass  of  gases  is  so  subdivided 
that  the  different  particles  are  sooner  brought  into  contact  with 
the  due  amount  of  cooling  medium,  then  the  time  the  gases 
remain  in  contact  with  the  boiler  ceases  to  be  of  importance. 
When  the  gases  have  reached  the  end  of  a  well-proportioned 
boiler  and  brick  setting  they  should  be  reduced  to  a  temperature 
not  exceeding  450  degrees  Fahr.,  or  below  it ;  their  bulk  will  in 
consequence  be  reduced  by  about  one-third  below  their  bulk  on 


11(1      IMl'KOVEMENTS    IN    HTEAM    BOILEKS   AND   THEIR   BRICK   SETTINGS. 

their  first  leavint,'  the  furnace.  The  reduction  in  the  area  of  the 
Hue  ()u«^dit  not  to  be  in  the  name  proportion,  because  their 
Yeh)fity  is  no  longer  so  ^roat.  Tlie  reduction  ought  to  l)e  made 
gradually,  as  has  Ixuiu  stated  before,  and  not  by  a  sudden  con- 
traction at  the  end  of  the  boiler,  as  the  effect  of  this  is  to  cause 
a  slowness  of  draft  in  the  hitter  part  of  the  flue. 

The  feed  water  is  supplied  to  the  boiler  through  the  blow-off 
pip(^,  Avhich  is  of  ample  dimensions,  it  being  encased  in  the 
side  wall  of  the  boiler  from  the  back  end  of  the  boiler  to  the 
front  (lid,  and  thus  absorbs  heat,  forming  a  heated  passage  for 
incoming  feed  water,  the  result  being  that  the  Avater  is  delivered 
to  the  boiler  at  nearly  the  boiling  temperature,  and  also,  by  rea- 
son of  such  arrangement,  the  blow-off  pipe  is  kept  free  from 
sediment,  which  otherwise  would  tend  to  clog  it. 

The  boiler  proper  is  held  in  position  by  a  cradle  formed  of 
fire  brick.  The  front  end  is  supported  by  recesses,  3,  8,  Figs. 
24,  25,  and  27,  which  form  a  pier,  18,  and  the  division  wall,  30, 
which  separates  the  fire  chambers  ;  the  rear  end  is  supported 
by  the  septum  wall,  22,  being  thus  independent  of  the  inner 
walls,  27,  27,  with  which  it  does  not  come  in  contact.  By  this 
arrangement  cast-iron  brackets  or  lugs,  such  as  are  usually  at- 
tached to  the  main  shell  of  horizontal  boilers  for  the  purpose 
of  supporting  them  in  place,  are  dispensed  with. 

The  fire  chambers,  19,  above  the  grate  bars,  44,  are  dual,  ]peing 
separated  longitudinally  by  the  vertical  wall,  30,  which  wall 
ends  at  or  beyond  the  bridge  wall,  as  may  bv3  deemed  advisable. 

For  the  accumulation  of  heated  air  and  products  of  com- 
bustion, which  might  otherwise  leak  out  and  escape,  I  provide 
the  lateral  chambers,  48,  on  each  side  of  the  superheating  drum 
chamber,  46,  and  extending  the  entire  length  of  the  boiler  and 
communicating  with  the  air-space,  26,  and  they  can  be  supplied, 
if  so  desired,  with  a  surplus  of  air  from  the  registers,  10,  10, 
and  inlet-space,  49. 

In  the  rear  exterior  wall  of  the  setting  I  build  a  cleaning 
door,  50,  to  give  access  to  the  back  connection  chambers  and 
flues  for  cleaning  or  repairing  purposes. 

In  the  operation  of  this  boiler  and  settings  the  heated  gases 
evolved  from  the  fuel  are  applied  to  the  entire  exterior  of  the 
wetted  surface  of  the  boiler  by  reason  of  the  upward  extension 
of  the  fire  chambers,  19,  whence  they  pass  into  the  similarly  up- 
wardly extended    supplemental  mingling  combustion  chamber. 
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21,  to  or  about  the  water  level.  The  division  or  septum  wall,  22, 
deflects  the  gases  to  the  lower  portion  of  the  chamber,  21,  and 
retards  their  flow.  Said  septum  wall  becoming  highly  heated, 
in  fact  incandescent,  correspondingly  promotes  comljustion  of 
the  highly  heated  gases  ;  in  other  words,  it  acts  as  a  regenerator 
to  promote  combustion  of  the  uncombined  gases  on  tlieii  way  to 
the  rear  of  the  boiler.  The  gases  evolved  from  the  fuel  are 
thus  effectually  mingled  Avith  the  proper  supply  of  heated  oxy- 
gen conducted  through  the  registers,  10,  lO,  air  passages,  26,  17. 
and  4:3,  into  the  ash  pit,  16,  and  that  introduced  through  the, 
registers  located  in-  the  fire  doors.  4,  4,  and  the  gases  are 
consumed  before  reaching  the  back  connection  chamber,  24, 
the  resultiDg  products  being  delivered,  consequently,  into  said 
chamber  in  a  very  highly  heated  state,  due  to  the  retardation  bv 
and  contact  with  the  incandescent  septum  wall,  22,  causing  a 
thorough  mixture  of  the  air  introduced  through  the  registers,  10, 
10,  and  the  carbonic  oxide  (CO),  under  which  conditions  a  sec- 
ond combustion  takes  place,  the  carbonic  oxide  taking  an  addi- 
tional part  of  oxygen,  forming  carbonic  acid  iCO„)  with  great 
evolution  of  beat,  as  hereinbefore  mentioned.  The  superheated 
products  of  this  second  combustion  then  pass  into  the  flues  of 
the  boiler,  36,  36,  36,  etc.,  at  the  rear  end,  35,  of  the  main 
shell  and  through  the  same  to  the  front  flue  chamber,  45, 
thence  to  superheating  drum  chamber,  46,  and  flue,  47,  leading 
to  chimney. 

A  very  important  advantage  of  this  setting  consists  in  the  fact 
that  the  gases  evolved  from  the  fuel  in  the  fire  chambers,  19,  are 
maintained  in  temperature  by  the  enclosed  highly  heated  walls 
even  during  clearing  the  fire  from  ashes,  clinker,  etc.  Thus, 
steam  pressure  in  the  boiler  is  not  sensibly  reduced  durinc:  such 
cleansing  operation. 

The  claim  for  internally  fired  boilers  that  there  is  no  loss  of 
heat  by  radiation  is  not  borne  out  in  practice,  and  they  labor 
under  the  disadvantage  of  being  restricted  in  their  fire  box,  and 
are  unable  to  burn  to  an  advantage  the  cheaper  grades  of  fuel 
which  require  large  combustion  chambers.  The  metal  walls  of 
the  majority  of  internally  fired  boilers  refrigerate  the  flame, 
thereby  lovreriug  the  calorific  value  of  the  fuel  used. 

The  advantasjes  of  this  boiler  and  settinc^  are  shown  in  an 
evaporative  test  on  two  o4-inch  by  17-feet  horizontal-flue 
boilers  into  single  furnace,  made  by  George  H.  Barrus,  Septem- 
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ber '20  to  ()(;t()l)nr  r>,  1(SS8,  tlie  objc^ct  of  wliicli  was  to  defter  mine 
tlio  j^eiieral  oconoiny  of  tlu^  l)oil('rs  and  tlio  relative  j)erformance 
of  different  kinds  of  fuel,  eondueted  at  the  Keystone  Watch  Case 
Company,  Pliiladclpliia,  T*a. 


TABLE   NO.  1. 

Dimensions   of    Lk  Van's    IIohtzontal-fluk   Boilers  :   Age,    Six  Weeks  ; 

lIousK-powEu,  ON  A  Basis  of  13  Squaiie  Feet,  Seventy-eight  Each. 

No.  Description. 

1.  Number  of  boilers     2, 

2.  Diameter  of  main  shell,  eucli,  in  inches 54. 

3.  Length  of  main  shell  and  flues  in  feet 17. 

4.  Length  of  drum,  each,  in  feet 12. 

5.  Diameter  of  drums,  each,  in  inches   3. 

6.  Xumber  of  four-inch  dues,  outside  diameter  in  each  boiler 45. 

7.  Pitch  or  rake  of  main  shell,  each,  in  inches 6. 

8.  Size  of  grate,  each,  length  in  feet 8. 

and  width  in  feet 4. 

9.  Width  of  air  spaces  in  inches 0.375 

10.  Width  of  bars  in  inches 0.625 

11.  Area  of  perforations  through  fire  door  in  square  inches 4.7 

12.  Distance  of  grate  to  shell,  front  end,  in  feet 3. 

13.  Distance  of  top  of  flat  bridge  to  shell,  each,  in  feet 1. 

14.  Kind  of  brick  setting  :  Le  Van's,  Avith  air  passages  in  walls  leading 

to  ash  pit. 

15.  Xumber  and  diameter  of  steam  nozzles,  each  2 4. 

16.  Distance  from  bottom  of  glass  to  top  of  lower  shell,  in  each  boiler, 

in  inches 12. 

17.  Area  of  grate  surface,  each,  in  square  feet 32. 

18.  Area  of  water-heating  surface,  each,  in  square  feet 934. 

19.  Area  of  steam-heating  surface,  each,  in  square  feet 107. 

20.  Total  area  of  heating  surface,  each,  in  square  feet 1.041 

21.  Area  through  flues,  each,  in  square  feet 3.4 

22.  x\rea  through  damper,  each,  in  square  feet 2.3 

23.  Height  of  iron  stack,  72  inches  in  diameter,  lined  with  four-inch 

brick,  in  feet 120. 

24.  Ratio  of  water-heating  surface  to  grate  surface 29.2  to  1 

25.  Ixatio  of  steam-heating  surface  to  grate  surface 3.3  to  1 

26.  Total  ratio  of  heating  surface  to  grate  surface. . 32.5  to  1 

27.  Ratio  of  grate  to  flue  area 9.3  to  1 

Collective  Quantities. 

28.  Ratio  of  surface  of  grate,  two  boilers,  in  squai  e  feet  64. 

29.  Ratio  of  water-heating  surface,  two  boilers,  in  square  feet 1.868 
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1  [ I-: V [ !•: W.  () I'   11 KS II LTS. 

(iciici'dl  I'jviio'H'hi  of  /I/c  r>i)/h'f's. 

'*Tlio,  (Ict^roo  of  econoniy  jittaiiiod  l)y  tlic-  boilors  is  indicated 
by  tli(^  evjiporations  por  pound  of  combustible  from  and  at  212 
doi»Tees,  given  in  line  2o  of  Table  No.  2. 

•'  I  consider  that  any  result  exceeding  eleven  pounds  is  excellent 
when  obtained  with  antliracite  coal,  niore  especially  when  it 
applies  to  the  small  sizes  of  coal  such  as  were  used  on  most  of 
these  tests.  The  highest  result  which  I  have  obtained  with 
anthracite  coal  is  about  eleven  and  one-half  pounds,  but  this 
occurr(Hl  with  the  broken  size,  Avhich  is  usually  free  from  slate 
and  clinker-producing  qualities.  I  have  not  heretofore  secured 
so  high  as  eleven  pounds  with  small  anthracite  coals,  but  I  am  not 
sure  that  the  coals  used  were  of  so  good  a  quality  as  the  ones  to 
which  these  tests  relate.  The  results  obtained  here  are  specially 
good,  particularly  those  of  October  3d  and  6th,  considering  that 
the  temperature  of  the  escaping  gases  is  some  fifty  degrees 
higher  than  usually  accompanies  the  most  economical  work. 
The  new  condition  of  the  boilers,  and  their  setting,  doubtless  con- 
tributed something  to  these  excellent  results. 

"The  quality  of  the  steam  furnished  was  tested  by  means  of 
a  '  wire-drawing '  calorimeter,  attached  to  outlet  41,  and  the 
result  was  a  continuous  showing  of  dry  steam.  The  indications 
of  the  thermometer  varied  from  288  degrees  to  297.5  degrees, 
with  a  normal  reading  of  288  degrees  at  85  pounds  pressure,  a 
continuous  showing  of  dry  steam.  And  at  times  there  was  an 
indication  of  three  to  four  degrees  of  superheating." 

DISCUSSION. 

3fr.  William  H.  Bryan. — I  do  not  doubt  that  the  boiler  and 
setting  described  will  give  excellent  results  under  favorable 
conditions.  There  are  two  points,  however,  which  should  not 
be  overlooked : 

First,  the  division  wall  in  furnaces,  and  the  "  septum  "  wall  at 
the  rear  end  of  boiler,  will  unquestionably  reduce  the  capacity  of 
the  boiler  for  overwork,  a  consideration  which  cannot  always 
be  subordinated  to  high  fuel  economy  and  smokelessness,  how- 
ever desirable  these  features  may  be. 
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Second,  tlie  increased  amount  of  fire  brick  work  will  do  excel- 
lent service  after  it  has  once  been  thoroughly  heated.  To  do 
this  will  require  a  considerable  interval  of  time  and  a  noticeable 
amount  of  heat.  Where  the  boilers  are  in  continuous  service — 
as  in  water  works,  flour  mills,  etc. — this  will  not  be  objection- 
able, but  where  they  are  operated  intermittently — say  during  the 
day  only— there  will  be  a  loss  of  efficiency  while  the  brickwork 
is  being  heated,  and  considerable  heat  will  go  to  waste  when  it 
is  cooling  off  after  shutting  down  in  the  evening.  In  practice 
this  has  been  found  a  serious  objection  to  the  use  of  increased 
fire-brick  w^ork. 

I  do  not  quite  understand  the  author's  statement  that  by  pass- 
ing the  gases  around  his  steam  drum  they  are  reduced  to  such 
a  temperature  as  to  render  the  use  of  a  separate  economizer  un- 
necessary. In  the  evaporative  trials  reported  in  the  paper  the 
temperature  of  the  escaping  gases  varied  between  388  degrees 
and  450  degrees  Fahr.,  averaging  423  degrees,  which  is  j^roba- 
bly  as  low  as  it  is  advisable  to  bring  these  gases  with  ordinary 
working  steam  pressures.  It  would  certainly  be  possible — and 
often  advisable  — to  reduce  further  the  temperature  of  these 
gases  100  to  200  degrees  by  an  economizer,  with  a  correspond- 
ing increase  in  efficiency.  Such  a  practice  would  be  particu- 
larly desirable  with  condensing  engines,  where  the  feed  water 
is  only  about  100  degrees  Fahr. 

It  would  be  interesting  to  know  the  temperature  of  the  hot  air 
supplied  under  the  grates,  also  whether  there  is  reall}'  any 
advantage  in  its  use.  If  its  temperature  resulted  wholly — or  in 
large  part — from  waste  heat,  the  economy  would  not  be  ques- 
tioned, as  it  must  be  when  most  of  the  heat  comes  directly  from 
the  furnace  itself.  Have  any  evaporative  trials  been  made  cov- 
ering this  point  ? 

Mr.  A.  H.  Eklredge. — Some  years  ago  the  writer  was  inter- 
ested in  a  62-inch  X  16-feet  boiler  setting  which,  in  some  respects, 
was  designed  along  the  same  lines  as  the  one  described  by  Mr. 
Le  Yan.  The  object  sought  for,  as  in  his  case,  was  the  perfect 
burning  of  the  fuel  and  its  combustible  gases 

It  was  a  very  ambitious  setting,  and  had  double  walls  with  an 
8-inch  air  space  between  them  running  the  vv^hole  length  and 
around  the  rear  end  of  the  boiler.  The  air  under  the  grates 
was  taken  from  openings  through  the  front  on  each  side  of 
the  boiler,  and  passed  between  the  hollow  walls  next  to  the 
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lire  box  Jiiid  tliuii  und(;r  tlio  grjites  in  m  heated  condition. 
The  air  used  for  the  combustion  of  tlie  gases  entered  the  com- 
bustion chamber  in  the  rear  of  the  bridge  wall  through  an  air 
shaft,  or  tunnel,  extending  to  the  back  end  of  the  boiler  and 
having  openings  from  tlie  tunnel  to  the  combustion  chamber 
through  its  entire  length.  Tlie  air  was  taken  from  the  top  of 
the  boiler  setting  and  travelled  the  length  of  the  boiler  three 
times  before  entering  the  air  tunnel.  The  tunnel  was  built  of 
fire  brick,  and  was  arched  over  on  one  side  through  an  angle  of 
90  degrees.  One  object  of  the  setting  was  to  complete  the  com- 
bustion of  the  gases  in  the  combustion  chamber  by  adding 
heated  air  to  the  combustion  chamber,  rather  than  adding  more 
air  to  the  fire  box,  where  the  temperature  is  naturally  very  high, 
and,  further,  to  take  that  air  from  the  top  of  the  boiler  room, 
thus  taking  the  first  supply  at  a  comparatively  high  tempera- 
ture and  also  keeping  a  better  and  cooler  atmosphere  in  the 
boiler  room. 

To  utilize  fully  the  products  of  combustion,  they  first  passed 
under  the  shell  of  the  boiler,  then  back  as  usual  through  the 
tubes,  and  then  returned  over  the  top  of  the  boiler  through  a 
24-incli  chamber  to  the  stack  at  the  rear  end  of  the  boiler. 

It  mi^ht  be  well  to  note  that  one  side  of  the  boiler  wall  was 
built  against  a  17-inch  building  wall,  also  that  there  were 
peep  holes  through  which  the  combustion  of  the  gases  could  be 
observed  through  the  length  of  the  boiler.  The  draft  plates  in 
front  of  and  on  top  of  the  boiler  could  be  easily  regulated  at 
will.  For  the  first  three  months  after  the  boiler  was  in  use  the 
whole  scheme  which  had  been  planned  seemed  to  work  to  j)er- 
fection.  The  products  of  combustion  burned  to  a  white  heat 
underneath  the  whole  boiler  length ;  but,  after  that,  trouble 
commenced,  though  no  expense  had  been  spared  in  either  ma- 
terial or  workmanship.  The  expansion  and  contraction  of  the 
walls  soon  caused  the  bricks  in  the  arch  of  the  air  tunnels  to 
work  themselves  down  into  the  tunnel,  until  finally  holes  ap- 
peared which  were  not  in  the  design  of  the  setting.  The  side 
walls  began  to  leak,  and  it  was  not  long  before  the  fireman 
was  running  the  ash-pit  doors  wide  open.  The  boiler  was 
supported  on  iron  columns  entirely  independent  of  the  mason 
work. 

In  looking  over  Mr.  Le  Yan's  setting  the  writer  naturally 
asks  :  'Will  not  the   bricks  in  arch  22,  Fig.  28,  gradually  wedge 
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down  and  out  of  the  arch  ?  Again,  the  division  wall,  30,  is  sub- 
jected to  temperatures  of  1,200  degrees  or  over.  Should  both 
these  walls  become  weak,  what  is  to  prevent  the  boiler  settling 
badly,  possibly  causing  a  serious  accident  ?  Again,  it  will  be 
necessary  also  to  support  the  boiler  in  some  more  or  less  diffi- 
cult manner  in  case  of  repairs.  Is  not  such  a  setting  too  ex- 
pensive for  common  use  ?  and  would  it  not  take  a  lock  and  key 
on  the  ash-pit  doors  to  make  the  ordinary  fireman  use  the 
proper  drafts  ? 

Now  comes  the  question  which  has  bothered  the  writer.  One 
engineer  supports  a  boiler  on  brickwork,  and  another,  to  avoid 
temperature  effects,  on  a  complicated  system  of  levers.  Which 
is  right,  or  which,  at  least,  is  safe  ?  Is  there  not  some  safe 
standard  method  that  could  be  recommended  to  the  public 
which  can  at  least  be  applied  to  the  old  reliable  fire-tube 
boiler  ? 

Mr.  Arthur  C.  Walworth.— Tl\\i^  paper  was  of  interest  to  me 
because  I  have  had  considerable  to  do  with  the  construction 
and  setting  of  horizontal  tubular  boilers,  which  have  been  of  a 
very  accejDtable  type  in  Boston,  and  have  been  used  there  a 
great  many  years,  probably  to  a  greater  extent  than  any  other 
type  of  boiler.  I  think  there  are  some  excellent  points  in  this 
paper,  but  there  are  many  others  to  which  I  should  take  excep- 
tion. The  first  consideration  is,  that  the  expense  of  this  Le  Yan 
boiler  can  be  reduced  without  reducing  the  efficiency.  If  I  were 
to  construct  a  boiler  of  this  horse-power,  I  would  make  it  six 
inches  larger  diameter,  say  60  inches,  and  have  the  steam  space 
over  the  water,  dispensing  with  the  superheating  drum.  In 
Mr.  Le  Van's  paper  he  shows  a  51-inch  boiler  Avith  a  16-inch 
neck  to  it,  and  a  superheating  drum  over  the  boiler ;  the 
water  line  is  carried  high,  using  the  drum  as  a  separator. 
But  if  you  take  a  60-inch  boiler  at  less  cost,  and  the  same 
amount  of  water  surface  in  the  tubes,  you  can  carry  the  water 
line  so  far  below  the  top  of  the  boiler,  that  you  do  not  need 
any  superheating  drum ;  and  I  doubt  if  the  value  of  that 
superheater  is  equal  to  its  cost.  Of  course  where  there  is  a 
series  of  boilers  we  have  a  connecting  drum  which  has  a  proper 
connection  to  each  boiler,  and  that  acts  as  a  separator  in  case 
any  entrained  water  may  go  over  to  this  drum.  Of  course  when 
this  boiler  of  Mr.  Le  Van's  is  set  new,  this  superheating  space 
is  quite  valuable,  because  it  is  perfectly  clean.     But  as  matter 
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of  j)nictico  WO  find  tluit  spaces  of  that  kind  an'  not  kopt  clean, 
and  tlie  top  of  tli(>  boiler  soon  becomes  covered  witli  soot 
and  asln^s,  and  eventually  the  Avhoh^.  surface  of  the  superheater, 
unless  it  is  cleaned  ev^ay  day.  And  it  is  my  opinion  that  it 
would  he  much  more  economical  to  dispense  with  all  this  su- 
perheating arrangement,  and  take  the  products  of  combustion 
directly  into  a  good  economizer,  reduce  them  lower  than  Mr. 
Le  Van  does  in  his  experiment,  and  also  dispense  with  this  neck, 
which  must  weaken  the  shell  of  the  boiler  considerably.  Of 
course  with  the  old-fashioned  dome  on  the  boiler  Avhere  we  per- 
forate the  shell,  the  loss  of  strength  in  the  shell  is  made  up  by 
the  flanged  rim  around  the  steam  dome.  While  twenty-five  or 
thirty  years  ago  we  used  to  put  domes  on  perhaps  25  per  cent, 
of  the  boilers  made,  now  a  steam  dome  of  that  kind  is  an  excep- 
tion, because  practically  we  find  we  get  the  required  results 
with  proper  piping  and  connections,  the  same  as  with  a  steam 
dome.  I  do  not  think  either  that  it  is  a  good  plan  to  take  the 
feed  water  in  through  the  blow-off  j)ipe.  Of  course  that  would 
be  a  discussion  by  itself.  The  best  practice  in  my  mind  is  the 
simple  one  of  taking  the  feed  water  into  the  steam  space  through 
a  brass  pipe,  and  letting  it  fall  through  the  steam  on  to  the 
water  where  it  would  not  strike  the  shell  anywhere. 

Mr.  Le  Van's  point  about  leaving  a  4  or  5-inch  space  between 
the  tubes  and  the  boiler  for  the  circulation  of  water,  is  a  very 
essential  point,  and  always  ought  to  be  observed,  and  it  is  also 
well  to  leave  an  extra  space  in  the  middle  of  the  tubes  for  the 
dow^nward  circulation,  the  natural  circulation  of  the  water  in  the 
boiler  of  course  being  up  from  the  hot  plates  on  the  sides,  and 
that  water  has  to  be  replaced  by  a  current  coming  somewhere 
else  ;  and  the  Boston  boiler  makers  now  usually  make  their 
boilers  with  a  wider  space  between  the  central  row  of  tubes, 
giving  thus  a  circulation  of  water  to  every  part  of  the  boiler. 

The  boiler  setting  is  quite  interesting.  I  think  there  are  a 
good  many  new  points  about  this  setting,  and  some  of  them 
have  already  been  touched  upon  in  the  letters — such  as  the 
large  amount  of  fire  brick  required  and  also  the  introduction  of 
air  at  the  bridge  wall.  I  think  Mr.  Le  Van  has  one  good  point 
in  his  boiler  setting.  He  makes  the  wall  next  the  boiler  a  12-iuch 
wall,  and  the  outside  wall  8  inches.  I  notice  some  of  the  "  Hart- 
ford "  boiler  settings  make  the  wall  carrying  the  boiler  8  inches, 
and  the  outside  one  12  inches.     There  is  another  question  about 


IMPROVEMENTS   IN   STEAM  UOILERS   AND   THEIH   lilUCK   SETTINGS.       119 

boiler  settiii<j^  ou  which  boiler  setters  differ,  and  that  is  the 
Decessity  of  binder  bars  on  the  outside  of  the  boiler.  I  claim 
that  if  the  boiler  wall  is  properh'  set  and  ])roperly  built,  with 
an  inside  12-inch  wall  and  an  outside  8-incli  wall,  that  the 
binder  bars  are  simply  superfluous.  Those  walls  will  stand  just 
as  well  or  better  without  them,  but  if  the  setting  is  cheap  and 
badly  built,  you  have  to  strap  it  together  with  iron  liars  and  rods. 

Relative  to  taking  the  air  for  the  combustion  under  the 
grates  through  the  walls  of  the  boiler  into  the  asli  pit^I  remem- 
ber that  Mr.  Frederick  Tudor  of  Boston,  about  fifteen  years  ago, 
had  a  plan  of  a  boiler  setting  where  he  took  the  air  in  at  various 
points  from  tlie  boiler  room,  through  a  side  wall  and  down  in 
the  air  space,  and  then  on  the  sides,  under  the  grates  into  the 
ash  pit.  It  did  not  heat  the  air  very  much,  but  in  the  case  of 
a  single  boiler  it  was  of  more  value  than  in  a  nest,  because  it 
kei3t  both  side  walls  cool  and  kejDt  the  boiler  room  cool  by  util- 
izing the  heat  that  would  otherwise  be  wasted.  Practically  it 
never  was  adopted  to  any  great  extent.  The  idea  is  not  an 
esj)ecially  new'  one.  It  has  been  tried  at  various  times,  and  it  is 
a  good  idea  as  far  as  it  s^oes. 

Eeferrincj;  to  the  hollow  brido^e  wall,  which  we  find  discussed 
by  Charles  Wye  Williams  many  years  ago,  we  are  using  in 
Boston  with  considerable  success,  a  device  of  Mr.  Jones  for 
introducing  the  air  in  that  way,  in  which  he  brings  the  air 
in  throuo^h  the  bridc^e  wall  throu^rh  a  series  of  brick  tubes,  or 
fire-clay  tubes,  in  this  way,  the  air  being  taken  in  from  the  ash 
pit,  through,  we  will  say,  three  doors  in  the  front  of  the  bridge 
wall  and  carried  up  into  these  tubes,  or  burner.-,  entering  the 
draft,  in  that  way,  on  the  back  side.  Of  course,  being  in  the 
flaming  of  the  fire  box,  these  tubes  are  hot,  and  the  ash  pit  is 
hot,  and  the  air  that  goes  through  these  tubes  issuec  so  suffi- 
ciently heated  as  not  to  chill  the  products  of  combustion,  but  to 
immediately  assist  in  combustion  and  make  a  proper  flame  in 
the  combustion  chamber  at  the  rear  of  the  bridcje  wall.  Of 
course  this  is  only  one  of  many  devices  for  bringing  in  sufficient 
air  through  the  hollow  bridge  wall,  but  I  mention  it  as  one  that 
has  been  quite  successfuL 

There  is  a  city  ordinance  in  Bos  con  requiring  some  smoke- 
consuming  device  to  be  used  with  all  boilers  which  are  used  for 
bituminous  coal,  and  this  device  has  proved  acceptable.  Of 
course  it  is  not    an  exclusive  thina:.      The    same    end  can   be 
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attaiiiotl  ill  oilwr  Avays.  V>nt  I  iiicntioii  this  as  simply  one  way 
of  accomplisliinj^  wliat  Mr.  Lo  Van  accoinplislies  in  another  and 
mu(Oi  more  expensive  way  in  this  boiler. 

T  would  like  to  ask  Mr.  Le  Van  about  tlie  suspension  of  his 
boilor  in  tlio  s(>tting.  I  did  not  get  at  that  exactly  from  the 
cuts,  liow  h(^  sets  the  boilor  without  lugs. 

^fr.  Iiochirood. — Mr.  Lo  Van  is  a  courageous  man,  and  perhaps 
that  is  wliy  he  endorses  the  shell  and  fire-tube  boiler  in  the  face 
of  tlie  "  great  progress  "  that  has  been  made  in  boiler  construc- 
tion in  the  United  States  in  the  last  ten  years.  I  am  glad  some 
one  has  come  out  and  said  in  a  frank  way  that  he  likes  the  old 
fire-tube  boiler  best  of  all.     I  want  to  say  tliat  I  do  too. 

3Tr.  F.  IV.  />ra?i.— There  may  be  no  harm  in  this  paper 
appearing  in  the  Tranftaction^  of  this  Society,  although  I  feel 
that  it  is  something  of  a  misfortune.  I  feel  that  it  should 
receive  sufficient  discussion  to  prevent  young  engineers  who  con- 
sult papers  for  instruction  from  taking  it  too  seriously. 

The  paper  contains  too  many  things  to  mention  that  are 
absurd,  but  when  the  author  says  that  it  is  well  known  that 
superheated  steam  cannot  exist  in  contact  with  water,  he  should 
be  informed  that  it  is  better  known  that  he  is  mistaken. 

Mr.  Le  Van.^ — This  boiler  is  one  of  the  oldest  type,  and,  al- 
though some  seem  to  think  it  cannot  be  good  on  account  of  its 
antiquity,  this  fact  does  not  justify  some  inferences  drawn  con- 
cerning it. 

My  forty  years  of  experience  with  the  old  and  the  new  types 
has  not  weaned  me  from  my  first  love.  Referring  to  the  boiler 
trials  at  the  Centennial  Exhibition,  you  will  find  that  the  "Lowe" 
horizontal  fine  boiler  stood  at  the  head  of  the  list.  The  water 
evaporated  by  it  per  pound  of  combustible  at  atmospheric  pres- 
sure and  temperature  212  degrees  was  11.923 ;  number  of 
degrees  superheated  8.885  ;  whereas  in  the  Babcock  and  Wil- 
cox the  water  evaporated  per  pound  of  combustible  at  atmos- 
pheric pressure  and  temperature  212  degrees  was  11.822 ;  per- 
centage of  moisture  in  the  steam,  3.24. 

At  the  test  of  the  boilers  at  the  Brush  Light  Company's  at 
Philadelphia,  the  horizontal  flue  boilers  developed  a  horse-power 
with  9  square  feet  of  heating  surface,  and  the  Babcock  and  Wil- 
cox required  15  square  feet  to  develop  one  horse-power.  Now, 
if  there  is  any  improvement  in  modern  pipe  boilers  of  the  hori- 
*  Author's  closure,  under  the  Rules. 


I  >r  I  MOVEMENTS   IN    STEAM    BOILERS    AND   'I  HEIR   BRICK    SEITIXGS.       121 

zoiital  form  over  the  old  horizontal  flue  boilers,  in  wliat  does  it 
consist?  I  know  a  good  thing  when  I  see  it,  and  when  I  find  a 
good  boiler  I  stand  by  it,  if  it  is  old. 

Referring  to  the  test  made  at  Philadelphia  by  Mr.  Barrus  (see 
Table  No  2,  page  113',  I  would  state  that  it  was  made  under  dis- 
advantages, from  the  fact  that  there  were  only  two  boilers  in  place; 
that  the  chimney  was  of  iron,  125  feet  high  and  6  feet  internal 
diameter,  and  radiated  off  a  great  portion  of  the  heat  wliicli  re- 
quired fuel  to  supply.  The  chimney  has  since  then  been  lined 
with  brick,  reducing  its  diameter  to  3.5  feet,  which  both  reduced 
the  coal  consumption  and  increased  the  draft. 

Mr.  Bryan  raises  the  objection  to  the  construction  and  boiler 
setting  under  consideration,  that  the  di^dsion  wall  of  the  furnace 
and  the  septum  wall  at  the  rear  will  reduce  the  efficiency  of  the 
boiler,  but  actual  practice  where  I  have  introduced  such  features 
in  the  ordinary  brick-set  boilers  proves  the  contrary. 

Again,  he  says  '*  there  will  be  a  loss  of  efficiency  while  the 
brickwork  is  being  heated,  and  considerable  heat  will  go  to  waste 
when  it  is  coolincj  off  after  shuttinsj  down  in  the  eyeniuo-."  "  In 
practice  this  has  been  found  a  serious  objection  to  the  use  of 
increased  fire-brick  work."  This  is  not  the  fact.  I  have  a  plant 
of  seven  boilers  erected  in  a  cotton  mill  running  eleven  hours 
per  day,  the  boiler  pressure  being  70  pounds  per  square  inch. 
The  fires  are  drawn  every  night,  by  seven  o'clock,  and  a  fresh 
fire  started  on  a  clean  grate  at  four  o'clock  in  the  morning,  the 
mill  starting  at  six  o'clock.  The  steam  pressure  during  the 
night  rarely  falls  below  60  pounds  per  square  inch.  The  power 
developed  through  the  engine  by  indicator  diagrams  shows  300 
horse-power.  The  coal  consumed  averages  1,200  pounds  per 
hour.  This  plant  originally  had  eight  boilers  of  the  same  heat- 
ing surface  set  in  the  usual  way  and  developing  the  same  horse- 
power and  consuming  1,400  pounds  per  hour.  It  was  found  after 
a  few  weeks'  run  that  six  of  the  boilers  would  perform  the  work, 
thus  permitting  one  boiler  to  be  out  of  service  for  cleaning. 
The  steam  is  more  regular  and  drier  than  before.  With  the  old 
boilers  the  fires  were  cleaned  about  noon  each  day.  The  present 
boilers  are  run  without  cleaning  during  the  eleven  hours, 
thereby  makinc^  less  work  for  the  fireman  and  also  reducinsr  the 
loss  of  fuel  in  the  waste. 

From  the  above  it  will  be  seen  that  the  increased  amount  of 
fire  brick  does  the  same  work  that  formerly  required  eight  of 


122      JMl'UOVEMENTS    IN    STEAM    liOILEUS    AND   TIIEIIl    liRICK   SETTINGS. 

the  old  lK)il(»rs,  or,  in  otluu-  ^vor(ls,  with  thirteen  per  cent,  less 
lioatin<^  surt'jicc^  juid  tweiity-oue  per  cent,  less  grate  sui-face,  these 
l)oil(;rs  perform  tlie  same  work,  l)esi(le  effecting  a  saving  of  one 
ton  of  coal  p(u*  day.     Furtlier  comment  is  unnecessary. 

As  to  the  use  of  a  siq^arate  economizer,  I  would  state  that  it 
is  mucli  cheaper  and  costs  h^ss  to  increase  the  diameter  of  the 
boiler  six  inclies  as  involving  less  complication  and  cost  of  main- 
tenance. 

As  regards  the  temperature  of  the  hot  air  supplied  under  tlie 
grates,  I  am  satisfied  an  advantage  is  obtained  :  the  test  made  of 
the  ^^'Tlste  lieat  under  the  bridge  wall  exhibited  in  two  cases  a 
temperature  of  about  400  degrees. 

Mr.  A.  Eldridge  seems  to  tliink  that  the  arch,  22,  Fig.  28,  will 
gradually  wedge  dowm  and  out  of  the  arch.  This  cannot  occur, 
as  under  the  centre  of  the  boiler  is  a  fire-brick  pier,  18  inches 
square,  on  which  the  rear  end  of  the  boiler  rests.  The  arch,  No. 
22,  is  independent  of  this  pier,  and  only  carries  the  w^eight  of  the 
septum  wall  betw^een  hanging  arch,  No.  22,  and  boiler.  The  divi- 
sion wall  between  the  fire  chambers  does  not  carry  the  weight 
of  the  boiler.  The  front  end  of  the  boiler  has  the  bottom  rim 
to  project  about  9  inches  beyond  the  front  head,  one-half  the 
periphery  of  the  boiler  to  form  the  front  flue  (not  shown  in 
drawing)  ;  the  bottom  of  this  flue  rests  on  a  brick  pier.  No.  13, 
Fig.  24,  reenforced  by  the  fire  front.  This  brick  setting  costs 
about  $100  over  the  ordinary  setting.  And  the  saving  of  fuel  will 
more  than  compensate  for  the  additional  cost. 

Mr.  Walworth's  objection  to  the  diameter  of  the  boiler  is  all 
right,  but  when  the  specifications  call  for  54-inch  diameter  shell, 
it  does  not  pay  the  contractor  to  put  in  a  60-inch  diameter 
boiler.  Mr.  Walworth  is  mistaken  when  he  says  that  you  do  not 
need  any  superheating  drum.  If  he  wdll  carefully  examine  Table 
No.  2,  Line  23,  the  stated  evaporation  per  pound  of  combustible, 
it  wdll  speak  for  itself.  In  this  test  the  calorimeter  was  applied 
to  the  rear  pipe  marked  No.  41.  "  The  indications  of  the 
thermometer  varied  from  2 88  to  297.5  degrees,  with  a  normal 
reading  of  288  degrees  at  85  pounds  pressure.  There  is  con- 
tinual evidence  here  of  superheating,  and  this  might  be  expected 
from  the  fact  of  the  steam-heating  surface,  of  which  the  steam 
issuiuGf  from  this  end  of  the  drum  had  the  benefit."  ^ 
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Can  Mr.  Walworth  produce  any  such  results? 

He  argues  that  the  superheating  drum  ^vill  soon  become  cov- 
ered with  soot,  and  should  be  dispensed  with  and  an  economizer 
substituted.  Will  not  the  economizer  also  become  covered  with 
soot  ?  And  are  not  these  devices  fitted  with  scrapers,  run  by 
power,  to  keep  them  clean?  Which  is  the  simpler  and  more 
economical,  an  engine  to  run  the  scrapers  or  the  blowing  of  the 
superheating  steam  drum  by  a  steam  jet  once  a  day  ? 

In  regard  to  the  point  made  to  the  effect  that  the  connecting 
neck  weakens  the  shell,  had  he  carefully  examined  the  drawing 
(Fig.  22),  he  would  see  that  both  the  neck  connecting  the  super- 
heating steam  drum  to  the  main  shell  of  the  boiler  is  reenforced 
by  flanging  outwardly  the  openings  of  the  main  shell,  and  that  of 
the  steam  drum  to  fit  inside  the  connecting  neck  is  also  flanged 
to  fit  the  shells  to  which  the  neck  is  riveted. 

He  also  objects  to  taking  the  feed  water  through  the  blow-off 
pipe,  but  fails  to  see  that  such  pipe  is  of  large  diameter,  and  is 
encased  in  the  hot  walls  of  the  boiler  setting,  and  the  water 
enters  the  boiler  in  a  constant  stream — not  intermittingiy — at  a 
temperature  of  about  the  steam  pressure.  The  suspension  of 
the  boiler  without  lugs  is  explained  in  my  reply  to  Mr.  Eldridge. 

I  agree  with  Mr.  Walworth  that  if  boilers  are  properly  erected 
in  brickwork,  as  stated  by  him,  binder  bars  are  superfluous.  In 
my  late  practice  I  have  dispensed  with  them. 

A  word  in  regard  to  Mr.  Dean's  statement  that  I  am  mistaken 
in  my  assertion  that  superheating  cannot  exist  while  the  steam 
is  in  contact  with  water.  My  statement  was  made  particularly 
in  reference  to  horizontal  boilers.  I  am  aware  that  some  verti- 
cal boilers,  by  reason  of  the  contracted  water  space  as  well  as 
the  flue  at  the  top,  do  superheat. 

I  have  made  some  four  hundred  evaporative  tests  of  horizon- 
tal boilers,  and  have  never  succeeded  in  getting  superheated 
steam  where  water  and  steam  space  were  combined. 

Trowbridge,  in  Heat  as  a  Source  of  Power  (p.  35),  says : 
"  When  heat  is  continuously  applied  to  liquid  in  a  closed  vessel, 
the  space  enclosed  remaining  constant,  the  temperature  of  the 
liquid  and  vapor  will  continually  increase  if  there  be  no  dissi23a- 
tion  of  heat  through  the  sides  of  the  vessel ;  the  quantity  of  the 
liquid  will  diminish  and  the  pressure  will  increase,  the  vapor 
remaining  saturated  as  long  as  any  liquid  remains.  After  the  last 
element  of  liquid  shall  have  passed  to  the  state  of  vapor,  if  heat 


12-i      IMPROVEMENTS   IN   STEAM   IJOILEUS   AND   THEIR   15RICK    SETTINGS. 

bo  still  jippliod,  tlio  vapor  Ix^j^liis  to  assume  the  properties  of  tlie 
])erinaiieiit  gases.  IJiidcn-  tliis  condition,  if  the  temperature 
could  l)(i  iiuh^fmitely  raised,  or  t\ui  vol u me  of  the  space  indefi- 
nitely incr(5as(Ml,  under  a  constant  t(;mj)ei-ature,  the  vapor  would 
finally  arrive  at  a  state  corres])ondiji<^  to  that  of  perfect  gas,  and 
would  then  follow  strictly  the  law  of  Mariotte  and  Guy  Lussac ; 
and  hence  it  may  be  said  that  the  physical  properties  of  vapors, 
when  sufficiently  expanded  or  at  sufficiently  high  temperatures, 
and  when  they  are  not  in  contact  with  their  liquids,  are  identi- 
cal with  those  of  perfect  gases." 

In  my  experience  I  have  found  that  there  is  a  considerable  gain 
by  superheating  steam,  particularly  when  the  superheating  is 
done  by  the  gases  of  combustion  after  having  passed  the  water- 
heating  surfaces.  That  is  my  object  in  isolating  the  superheat- 
ing space  from  the  water- heating  space  by  the  use  of  a  single 
neck  connection  at  the  extreme  ends  of  each  vessel,  and  the 
outlet  for  steam  from  the  opposite  end  of  the  superheating 
drum,  as  time  and  space  is  an  element  for  its  completion  (see 
Eig.  22—39,  40,  and  41). 

Mr.  Dean  has  failed  to  furnish  any  such  boilers  to  bear  out 
his  statement.  No  doubt  he  would  have  done  so  had  he  known 
of  any.  Mr.  Barrus  makes  no  such  mention  in  the  tests  made 
by  him  in  his  large  practice.  He  was  present  when  the  paper 
was  under  discussion,  and  had  no  remarks  to  make  on  the 
subject. 

I  beg  to  express  my  thanks  to  Mr.  Rockwood  for  his  kindly 
words  relative  to  myself  personally  and  to  the  subject  matter 
of  my  paper. 

I  welcome  support  from  such  a  capable  source. 
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DCCXCVI.* 
NOTE   ON  STRENGTH  OF   WHEEL   RIMS. 

BY   ALBERT  K.    MANSFIELD,   SALEM,    OHIO. 

(Member  of  the  Societj'.) 

,0n  page  5  of  Mr.  Suplee's  translation  of  Retdeaux\^  Con- 
structor occur  these  words  :  "  It  is  upon  tliis  point  that  the 
peculiar  strengthening  effect  of  ribs  depends,  and  which  makes 
their  use  so  advantageous  in  cast-iron  construction." 

Then  illustrations  follow  to  support  the  fact  that  ribbed  con- 
struction increases  strength,  that  is,  is  economical  of  material ; 
but  it  is  not  shown  there,  nor  elsewhere  to  the  present  writer's 
knowledge,  that  this  is  not  universally  the  case,  but  that  the 
exact  contrary  may  be  the  fact. 

This  may  best  be  pointed  out  by  a  practical  illustration  : 

The  section  modulus  of  the   rectangular   section   of  Fig.  30 

is  -jr  or  — -^ — -  —  27.07,  AA  being  the  neutral  axis, 
o  b 

Now  let  one-fourth  inch  of  the  thickness  of  this  section  be 
formed  into  a  rib  3  j  inches  thick,  as  shown  by  Fig.  31.  Preserv- 
ing the  same  total  area  as  before,  this  rib  becomes  2  inches 
deep,  making  the  total  dej^th  of  the  section  4^  inches.  The 
neutral  axis  will  be  found  to  be  located  as  shown  in  the  figure, 
and  from  a  well-known  formula  the  section  modulus  is 
found  to  be  18.64 ;  that  is,  the  least  section  modulus,  or 
the  moment  of  inertia  divided  by  the  greatest  distance  of  fibre 
from  the  neutral  axis. 

The  section  has  therefore  been  weakened  by  the  ribs ;  in  fact, 
unless  it  represents  the  special  case  of  a  cast-iron  beam  loaded 
so  that  the  extreme  fibre  is  subjected  to  comjDression,  it  is  only 
about  two-thirds  as  strong  as  before.  It  is  seen,  therefore,  that 
under  some  conditions  ribbing  does  not  have  a  strengtheuing 
effect.     It  would  clearly  be  useful  to  generalize  this  matter  in 

*  Presented  at  the  New  York  meeting  (Xovember,  1898)  of  tlie  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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such  a  way  as  to  make  it  oasy  for  tlio  designer  to  determine  when 
and  to  what  extent  ribl)ing  may  or  may  not  be  resorted  to  with 
advantage,    hut    that   is    beyond    the    purpose    of   the    present 

writing. 

If  we  separate  the  rib  of  Fig.  31  into  two  ribs  and  phace  them 
at  th(^  ends  of  the  section  as  in  Fig.  32,  we  have,  without  change 
of  strength,  a  section  similar  to  that  often  used  in  the  construc- 
tion of  wheel  rims.  Tlie  bending  moment  of  such  rims,^due  to 
centrifugal  force,  acts  with  maximum  effect  near  the  wheel 
arms,  in  such  way  as  to  cause  tension  at  the  extreme  fibre.  It 
will  be  clear,  therefore,  that  such  ribs  in  such  place  may  make 
the  wheel  weaker  than  it  would  be  if  they  were  not  employed. 
It  is  not  meant  that  wheels  cannot  be  ribbed  in  this  manner  to 
their  advantage,  but  rather  that  it  is  necessary  to  take  care 
that  they  are  not  thus  ribbed  to  their  disadvantage.  There  are 
many  wheels  in  service  which  have  been  strengthened  in  this 
negative  way. 

The  destructive  accidents  which  have  occurred  to  large  wheels 
have  led  to  bringing  cast-iron  into  disrepute  as  a  material  from 
which  to  construct  such  wheels.  This  fact,  coupled  with  that 
pointed  out  above  relative  to  rim  flanges,  has  led  the  present 
writer  to  the  use  of  the  method  of  ribbing  wheels  illustrated  in 
Fig.  33,  which  seems  to  fill  all  requirements,  enabling  cast-iron 
rims  to  be  made  as  strong  as  may  be  practically  desired. 

Maintaining  the  same  face  of  wheel  and  total  area  of  section 
as  before,  let  us  employ  J  inch  of  the  thickness  of  rim  in  form- 
ing a  rib  If  inches  thick  at  centre  of  rim  ;  the  section  then  be- 
comes as  shown  by  Fig.  34.  The  neutral  axis  of  this  section 
is  at  line  A  A,  and  the  section  modulus  becomes  77.5,  which 
is  nearly  three  times  as  strong  as  the  section  of  Fig.  30,  and  more 
than  four  times  as  strong  as  the  flanged  section  of  Fig.  32.  Of 
course,  a  further  increase  of  strength  may  be  obtained  by  adding 
to  depth  of  flange. 

Now  the  section  of  Fig.  34  is  taken  to  represent  that  next  the 
arms,  in  which  (the  case  being  that  of  a  built-in  beam  uniformly 
loaded)  the  extreme  fibre  is  under  tension. 

The  mid-section  between  arms,  however,  while  acted  upon  by 
an  equal  moment  (when  the  cross  section  is  uniform),  is  bent  in 
an  opposite  direction  ;  therefore  the  extreme  fibre  is  compressed, 
which,  for  equal  strength,  enables  the  flange  at  this  point  to  be 
reduced,  because  cast  iron  is  twice  as  able  to  resist  compres- 
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sioii  Hs  oxtoiisiou.  Tlio  section  modulus  at  tliis  point  may 
therefore  be  one-half  as  ^reat  as  at  the  arms,  which  will  be  found 
to  correspond  with  a  fian<^'e  depth  of  about  five-eighths  of  that 
at  arms,  or  in  this  case  about  7  iiiclies. 

These  projxu-tions  are  shown  in  Fig.  o3.  Almost  any  desired 
strength  may  be  attained  by  this  nu^thod.  It  has  several  other 
advantages  over  uniform  flanges  at  edges  which  will  readily 
occur  to  designers  of  wheels. 

DISCUSSION. 

Prof.  D.  S.  .A/m7>//.s.— Professor  Denton,  who  is  unavoidably 
absent  this  morning,  has  asked  me  to  bring  up  the  point  that  by 
casting  a  flange  on  the  rim  in  the  way  represented  in  the  author's 
second  sketch,  we  do  reduce  the  strength  of  the  rim,  but  we 
increase  the  stifliiess,  and  the  stiffness  is  an  element  of  strength. 
Ordinarily  speaking,  when  a  fly-wheel  bursts  there  is  some 
irregular  action,  and  it  appears  that  the  irregular  action  causes 
a  j^nlsation  in  the  wheel,  and  that  it  is  this  pulsation  w^hich 
augments  the  strain  and  breaks  the  w-heel.  By  increasing  the 
stiffness  we  tend  to  decrease  the  pulsations,  and  thus  make  the 
wheel  stronger,  and  this  fact  has  not  been  considered  by  Mr. 
Mansfield. 

21  r.  William  S.  Aldrich. — Mr.  Mansfield  has  very  cleverly 
shown  us  how  the  process  of  evolution  of  a  ribbed  wheel  rim 
may  be  carried  through  a  series  of  faulty  proportions  io  one  of 
recognized  value.  It  is  extremely  important  to  notice  that  he 
is  dealing  w4th  the  same  amount  of  material.  It  will  cost  no 
more  to  make  the  wdieel  rim  much  stronger  by  properly  disj)os- 
ing  the  material.  A  recognition  of  this  feature  of  the  economics 
of  machine  design  might  be  profitably  extended  to  many  other 
details.  The  effect  of  cooling  on  the  ideal  rim  section,  as  shown 
in  Fig.  34,  will  be  very  marked  compared  to  that  on  the  prevalent 
type,  shown  in  Fig.  31.  Making  flange  and  w^eb  of  the  same 
thickness,  or  very  nearly  so,  provides  for  the  ideal  cooling  of 
cast  iron  or  of  cast  steel.  Initial  strains  are  avoided  which,  if 
we  mistake  not,  have  sometimes  caused  fly-wheels  to  burst  while 
lying  in  the  foundry  yard  ;  and  to  unequal  cooling  may  be 
traced  many  an  accident  after  the  wheel  has  been  put  into 
service.  Cast  metal  will  not  be  so  treacherous  if  treated  in  this 
rational  manner,  as  suggested  by  Mr.  Mansfield.     It  is  apparent 
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tliat  some  ribhing  should  be  provided  to  resist  the  so-called 
bursting  pressure,  due  to  ceutrifug;d  force;  but  the  new  outline 
of  this  rib,  as  shown  in  Fig.  33,  is  as  novel  as  it  is  interesting,  as 
an  example  of  the  application  of  the  principles  of  structural 
mechanics  to  fly-wheel  designing.  It  is  clear,  also,  in  following 
out  this  application,  that  the  segments  of  fly-wheels  should  be 
bolted  together  midway  between  the  arms,  and  not  at  the  arms, 
as  is  often  done. 

Mr.  II.  11.  Suplee. — As  Mr.  Mansfield  refers  to  my  translation 
of  Reuleaux^s  Constructor,  I  think  that  in  justice  to  him  the 
quotation  should  be  carried  a  little  further.  When  the  entire 
paragraph  is  quoted,  I  think  the  subject  is  placed  in  rather  a 
different  light.  Professor  Reuleaux  says,  after  referring  to  the 
question  of  strengthening  by  flanges  or  ribs  : 

*  "  It  is  a  matter  of  some  importance  for  the  designer  to  keep 
in  mind  some  general  conclusions  which  may  be  drawn  from  the 
tables  as  to  the  influence  of  various  shapes  upon  the  strength. 
It  will  be  plainly  seen  that  the  depth  of  a  section  is  the  dimen- 
sion which  has  the  greatest  influence  upon  the  strength,  and 
also  that  those  portions  of  the  section  which  are  furthest  re- 
moved from  the  neutral  axis  are  of  the  most  service. 

"  It  is  upon  this  point  that  the  peculiar  strengthening  effect  of 
ribs  depends,  and  which  makes  their  use  so  advantageous  in 
cast-iron  construction.  These  ribs  do  not  act  so  much  by  the 
mere  strength  of  their  own  cross  section  as  by  the  fact  that  they 
strengthen  those  portions  which  are  furthest  removed  from  the 
neutral  axis." 

Then  follows  a  practical  example  of  almost  identical  nature 
with  that  given  by  Mr.  Mansfield. 

I  desire  to  put  this  on  record  so  as  to  present  Professor  Reu- 
leaux in  the  proper  light. 

Mr.  Telle  H.  Midler.— Iti  the  October  (1893)  number  .of  the 
always  valued  Poiver,  I  found  some  notes  on  a  fly-wheel  acci- 
dent in  Memphis,  which,  I  think,  admit  of  some  additional 
remarks. 

Although  the  data  given  in  the  account  of  the  accident  were 
very  meagre,  it  appears  that  there  are  a  sufficient  number  of 
dimensions,  etc.,  to  arrive  at  some  conclusions  regarding  the 
wheel,  and  from  these  it  would  appear  that  the  strains  produced 

*  Beuleaux's  Constructor,  translated  by  H.  H.  Suplee,  page  5. 
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may  como  very  iioar  to  iiltiinjit(^  streiij^tli,  and  exceed  the  elastic 
limit  to  a  considerable  extent  at  the  normal  speed  of  152 
revolutions  per  minute. 

In  a  wheel  witli  a  deep  narrow  rim  we  are  no  doubt  jastified 
to  calculate  the  centrifugal  effect  for  the  entire  rim,  assume  this 
to  be  an  evenly  distributed  load  acting  radially  outward,  and 
take  the  ])i'()jection  of  all  these  forces  on  tlie  diameter  as  the 
strain  produced  in  any  diametrical  section  of  the  wheel,  in  the 
same  manner  as  we  calculate  the  strains  produced  by  internal 
pressure  in  a  tube,  and  so  far  1  agree  perfectly  with  the  results 
as  reached  by  others. 


Topicals 


Fig.  35. 


When,  however,  the  rim  is  Avide  and  thin,  as  the  rims  of  pul- 
leys are,  and  the  distance  between  the  arms  where  they  are 
joined  to  the  rim  large,  when  compared  to  the  thickness  of  the 
latter,  we  shall  have  to  examine  that  part  of  the  rim  extending 

from  one  arm  to  the  other  for  other  strains  than  those  found  by 

/ji'  /ij- 

above  general  formula  for  centrifugal  force  (Fig.  35):    F  —  ~ —  • 

If  we  had  a  perfectly  flexible  rim,  say  one  made  of  thin  sheet 
steel,  and  permitted  the  part  a'>  to  assume  the  most  favorable 
curve  due  to  the  different  forces,  it  would  not  be  very  difficult 
to  find  the  tangential  forces  as  well  as  the  shearing  strains  at 
a  aad  h.    But  we  w^ould  not  have  a  round  wheel. 
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For  cast  iron,  however,  aiul  for  tlie  small  deflections  permis- 
sible to  keep  the  rim  to  its  true  circle,  we  shall  be  comy)elled  to 
regard  the  piece  from  a  to  h  as  a  rigid  beam,  and  calculate  the 
strains  appearing  under  that  assumption. 

Judging  from  the  illustrations  in  Poirer  for  October  1,  1893, 
I  assume  that  the  wheel  had  two  sets  of  arms,  eight  in  each 
set,  and  from  data  given — 

Diameter  of  wheel 11  feet  6  inches=::188  inches. 

Face  of  wheel 50  inches. 

Thickness  of  rim  about 1  inch. 

Revolutions  per  minute 152  inches. 

This  would  give  a  mean  diameter  for  centre  of  rim  of  137 
inches,  and  v  —  5.7083  feet,  and  v  (velocity  in  feet  per  second) 
=  9i  feet — v'  =  8281 — when  the  wheel  is  remaining  at  a  normal 
speed  of  152  revolutions  per  minute.  At  this  speed  we  find 
from  the  above  formula  that  every  pound  of  metal  in  the  rim 
produces  a  centrifugal  effect  of 

_  wv^__        1  X  9P       _ 
~r~  32.16  X  5.708  "" 

A  part  of  the  rim  extending  from  a  to  5,  being  50  inches  wide, 
and  having  two  inwardly  projecting  edge  rims  (the  dimensions 
of  which  are  not  given',  would  weigh  nearly  800  pounds,  and 
therefore  800  x  45  =  36,000  pounds,  would  represent  the  uni- 
formly distributed  load  to  be  sustained  on  this  part  of  the  rim. 

AVe  shall  not  be  very  far  from  the  truth  if  we  consider  the 
section  of  rim  from  a  to  h  (taking  into  account  the  nature  of 
cast  iron  and  the  rigidity  required)  as  a  beam  uniformly  loaded 
and  firmly  fixed  at  the  ends,  and  at  the  same  time,  to  simplify 
figures,  take  only  a  strij)  one  inch  wide  for  calculation. 

We  found  above  the  centrifugal  effect  for  normal  speed  of 
wheel  45  pounds  for  each  pound  weight,  and  taking  cast  iron 
at  0.26  pound  per  1  cubic  inch,  we  find  that  each  inch  in 
length  of  our  beam  1  inch  wide  extending  from  a  to  h  has  to 
sustain  11.7  pounds.  Projecting  this  load  on  to  the  chord  ah, 
we  find  that  we  have  a  total  load  of  613  pounds  on  that  beam 
uniformly  distributed. 

The  strength  of  a  beam  firmly  fixed  at  each  end,  and  uniformly 
distributed  load,  is  found  by  the  general  formula. 


\P>2  NOTE   ON    KTRKNOTII    OF    WHEEL   laMS. 

WIh^ii  P  —  uiiit'orinly  cUstrihutcd  load. 
J'  -    L  .     V>,  U  X  H. 
L  =  Lnnjjjtli  of  l)(';iin  in  iiiclics. 
li  —  Moment  of  resistance  of  the  cross  section. 
^=  Strain   per  a(]uaro   inch    in    niost   strained  fibre  in 
pounds.     Transposing  tliis  formula  for  fibre  strain,  we  have 

_  P.L 
^  ~  12.lt 

In  our  case  we  have  L  =  length  of  beam  =  52  inches. 

a  =  moment  of  resistance  for  rectangular  section  =  -    ,  and 

o 

for  a  beam  1  inch  wide  and  1  inch  thick  (the  rim  being  1  inch 


h/r      1  X  1" 


thick) -g-=      g      -  ,. 

613  X  52 
For  P  =  613  pounds,  S  becomes  -y^^ —  =  15,938  pounds. 

To  this  fibre  strain  will  have  to  be  added  the  strain  re- 
sulting from  the  centrifugal  forces  acting  on  the  wheel,  and 
tending  to  separate  it  in  two  halves,  as  found  by  the  for- 
mula cited  for  a  hollow  cylinder,  which  in  the  present  case 
amounts   to  some   800   pounds  per  square  inch,  designated  in 

Fig.  35  ^J  -^.      Owing  to  the  inwardly  pointing  flange  on  the 

rim,  the  moment  of  resistance  will  be  somewhat  larger  than 
that  of  a  plain  rectangle,  but  not  of  sufficient  influence  to  affect 
the  result  very  much.  The  above  figures  show  that  the  section 
of  the  rim  for  a  given  weight  must  show  a  different  distribution 
of  metal,  either  with  a  rib  between  the  arms  as  in  Fig.  36  (and 
also  in  Fig.  35  from  m  to  n),  or,  better  yet,  as  in  Fig.  37,  which 
is  a  variation  of  the  Fairbairn  section  of  cast-iron  girder.  Fig.  38, 
with  flanges  proportioned  to  the  capacity  of  cast  iron  to  resist 
compression  and  tension. 

Is  not  the  high  strain  found  above  corroborated  by  the  de- 
scription of  the  accident  by  the  engineer,  as  quoted,  "that 
tbe  wheel  seemed  to  open  up  altogether,  without  warning  ?  " 

The  proportioning  and  shaping  of  a  proper  section  for  the 
rim  will  not  present  any  serious  difficulty  to  either  the  designer 
or  the  foundryman,  whose  requirements  should  be  carefully 
considered  in  such  work. 

I  trust  that  the  above  sketch  may  prove  to  be  of  some  value 
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to  those  interested  in  this  fly-wheel  rim  question,  and  perhaps 
induce  some  pjentlemen  having  sufficient  time  to  evolve  complete 
formulae  for  their  fly-wheel  rims  at  high  speed,  which  take 
notice  of  the  shearing  and  bending  strains  appearing  at  given 
speeds.     But  even  then  in  making  such  a  wheel  we  shall  have 

Fig.  3G. 
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Fig. 


to  consider  quite  a  number  of  points  that  cannot  be  expressed 

The  j)oint  I  wish  to  make  is,  that  strains  other  than  the  plain 
and  simple  tangential  strains  resulting  from  centrifugal  forces, 
exist  in  the  thin  rims  of  cast-iron  fly-wheels,  which  strains  may 
be  serious  and  even  dangerous  at  the  normal  sjDeed  for  which 
the  wheel  is  intended.  Ou  the  other  hand,  in  this  apparent 
epidemic  of  hurting  fly- wheels,  pa23ers  can  do  and  are  doing 
an  enormous  amount  of  good,  not  only  by  the  information 
imparted  through  their  editorials,  but  by  the  liberality  shown 
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ill   ()|)(^iiiii«i;    their    c-oliiiuns    foi-   tlio   ;^^euer;il    discussion  of    tlifi 

Sul)j(H't 

Prof.  J.  ruirkiil  W'rhh.  If  I  mulerstand  tlie  discussion,  it  is 
assuraod  that  tlu^  riui  of  a  tiy-wheel  running  at  a  high  speed  is 
bul,i^(Ml  out  between  the  aims  i)V  centrifugal  force,  and  Professor 
Unwin  is  referred  to  as  assuming  that  it  does.  Now,  so  far  as 
any  book  work  is  concerned,  an  autlior  usually  takes  care  to 
sinij)lify  a  problem  to  su't  his  matliematics,  and  I  do  not  think 
that  any  one  has  allowed  for  the  stretch  of  the  arms  without 
considering  them  to  be  of  uniform  section.  The  question  which 
occurs  to  ine  is  whether  it  might  not  be  possible  to  so  propor- 
tion the  arms  that  the  wheel  would  remain  round  under  the  in- 
fluence of  centrifugal  force,  and  I  am  quite  sure  that  an  arm 
could  be  so  proportioned,  and  even  that  it  might  be  propor- 
tioned so  that  the  arms  Avould  stretch  out  farther  than  the  rim. 
This  becomes  evident  by  considering  that  an  arm  of  uniform 
section  stretches  about  one-sixth  of  the  right  amount,  and  that 
the  other  five-sixths  could  be  obtained  by  swelling  out  the  outer 
end  of  the  arm  into  a  mass  about  equal  to  that  of  the  rest  of  the 
arm. 

But  this  must  not  be  construed  as  a  proposal  to  build  fly- 
wheels in  this  way.  It  seems  to  me  that  in  the  construction  of 
fly-wheels  of  large  size  a  lesson  might  be  learned  from  bridge 
construction,  in  which  no  one  ever  thinks  of  using  cast  iron  for 
tension  members.  Why  not  cast  the  rim  of  the  wheel  in  any 
suitable  lengths  and  join  them  so  as  to  receive  compression,  not 
tension.  Then  make  the  web  of  numerous  steel  rods,  bicycle- 
fashion,  arranfjjed  tangentiallv  to  the  hub,  of  course.  I  believe 
tliat  such  a  construction  would  be  better  and  cheaper  than  any 
other,  for  it  must  be  noticed  that  the  stress  on  all  the  parts 
could  be  easily  and  certainly  calculated,  and  therefore  no  waste 
metal  or  large  factor  of  safety  would  enter  into  it.  In  such  a 
wheel  enough  initial  tension  would  be  put  into  the  spokes  to 
prevent  there  ever  being  any  tension  in  the  rim. 

A.  K,  Mamtie'd.'^ — Professor  Denton's  point  that  shallow 
flanges  increase  stiffness  though  they  may  reduce  strength  is 
correct,  but  he  probably  does  not  intend  to  offer  this  as  a  reason 
why  we  may  sacrifice  strength,  which  is  an  important  quality  in 
wheels,  and  in  order  to  avoid  overstraining  the  metal,  must  be 
considered  for  itself. 

*  Author's  closure,  under  the  E-ules. 
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Professor  Aldricli  points  out  that  with  the  ribbed  construction 
of  Fig.  38  it  is  logical  to  make  the  joint  of  built-up  wheels  mid- 
way between  arms,  and  treat  the  rim  as  a  series  of  cantilever 
bridges.  Certainly  if  due  strength  is  provided  for,  this  is  as 
rational  as  is  the  cantilever  bridge,  and  the  method  of  ribbing 
suggested  by  Fig.  33  is  adapted  to  meet  all  practical  needs  as 
regards  strength. 

Mr.  Suplee's  more  extended  quotation  from  Reuleaux's  Con- 
structor does  not  appear  to  alter  the  fact  that  this  author,  in 
common  with  authors  of  other  text  books,  fails  to  point  out  that 
flanges  or  ribs  may  weaken  a  beam.  He  treats  of  the  subject  of 
"  strengthening  by  ribs,"  but  not  of  that  of  weakening  by  the 
same  means.  He  refers  to  the  "  advantageous  use  of  ribs  in 
cast-iron  construction,''  but  nowhere  to  the  fact  of  their  possible 
disadvantageous  use. 

In  this  respect  he  does  differ  from  other  writers,  but  expresses 
the  seemingly  general  view  in  a  conveniently  quotable  way. 

I  am  sorry  that  this  matter  has  not  received  more  attention 
from  the  present  discussers,  not  in  its  relation  to  wheel  rims  alone, 
but  in  the  general  subject,  which  appears  to  have  novelty. 
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THE  VARIATION  OF  BELT  TENSIONS  WITH  POWER 

TRA  NSMITTED. 

BY   WM.    S.    ALDRICH,   MOROANTOWN,    W.  VA. 

(Member  of  the  Society.) 

There  are  certain  questions  continually  arising  in  engi- 
neering practice  wliich  do  not  seem  to  admit  of  settlement  by 
either  reason  or  experiment.  Some  of  these  ever-recurring 
questions  relate  to  the  transmission  of  power  by  belting.  In 
what  way  are  the  belt  tensions  altered  as  the  load  is  applied  ? 
What  effect  has  the  change  of  load  on  the  sum  of  the  belt  ten- 
sions? Is  there  any  relation  between  the  belt  tensions  which 
does  not  involve  the  coefficient  of  friction  ? 

The  present  paper  does  not  attempt- to  settle  these  or  similar 
points  by  reporting  new  experiments  on  belting.  Its  purpose  is 
to  open  up  a  discussion  of  such  mooted  questions,  perhaps  in  a 
different  line  from  that  heretofore  considered.  From  a  careful 
study  of  the  "  Experiments  on  the  Transmission  of  Power  by 
Belting,"  made  by  Messrs.  Wilfred  Lewis  and  J.  S.  Bancroft  for 
Wm.  Sellers  <fe  Co.,  of  Philadelphia,  and  reported  to  this  Soci- 
ety, t  the  author  is  led  to  the  following  conclusions  : 

That,  with  a  given  initial  or  laced  tension  and  a  constant  lin- 
eal speed,  when  the  load  is  increased  : 

(1)  The  tension  on  the  tight  side  of  the  belt  increases  much 
more  rapidly  than  the  tension  on  the  slack  side  decreases. 

(2)  The  working  tension  {T^  —  To)  increases  more  rapidly  than 
the  sum  (T\  +   T2)  of  the  tensions  on  the  tight  and  slack  sides. 

(3)  The  working  tension  {T^  —  T-^  tends  continually  to  ap- 
proach the  value  of  the  sum  (Ti  -f  T^  of  the  tensions,  as  the 
load  is  increased  indefinitely  as  far  as  the  breaking  strength  of 
the  belt. 

*  Presented  at  the  New  York  meeting  (December.  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volnm^  XX.  of  the  Transactions 

f  Transactions  A.  S.  M.  E..  vol.  vii..  No,  213,-"  Experiments  on  the  Trans- 
mission of  Power  by  Belting,"  by  Wilfred  Lewis. 
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(4)  The  ratio  of  the  teusions  of  a  belt  transmittiii{jf  power 
cannot  be  calculated  with  any  degree  of  accuracy  by  means  of 

f  X  ffj\ 

the   well-known   belt  formula    (  J  —  e      j   involving   the   arc  of 

contact  and  the  coefficient  of  friction. 

(5)  There  is  a  definite  relation  between  the  ratio  of  the  belt 
tensions  and  the  ratio  of  their  sum  and  difference,  which  relation 
is  independent  of  the  coefficient  of  friction,  and  may  be  reduced 

to  the  following  form  : 

2r, 


r^  2  ri  —  ra 

■ '■ —  =.  e 

ri  -  7-2 

Increasing  the  power  transmitted  by  a  belt  having  a  definite 
arc  of  contact  on  the  pulley  and  moving  at  a  constant  lineal 
speed,  has  a  twofold  effect :  it  produces  an  increased  slipping 
of  the  belt  over  the  pulley,  and  results  in  a  re-distribution  of  the 
forces  in  the  belt  itself.  These  alter  the  respective  values  of 
the  tensions  on  the  tight  and  slack  sides,  increasing  their  ratio, 
increasing  their  difference  in  proportion  to  the  power  trans- 
mitted ;  increasing,  also,  their  sum,  and  so  increasing  the  pres- 
sure on  the  journal.  In  the  midst  of  all  of  these  changes,  the 
coefficient  of  friction  undergoes  a  radical  alteration  in  value, 
which  will  be  considered  in  the  discussion  of  the  well-known 
belt  formula,  involving  the  coefficient  of  friction  as  a  function  of 
the  ratio  of  the  belt  tensions. 

The  difference  of  the  belt  tensions  is  a  direct  measure  of  the 
power  transmitted,  and  is  therefore  the  most  readily  obtained 
value  in  any  case  of  belt  transmission.  It  is  sometimes  called 
the  working  tension,  or  the  effective  tension,  or  the  driving  ten- 
sion. It  steadily  increases  from  a  zero  value,  when  the  belt  is 
at  rest,  to  a  value  approaching  more  and  more  the  sum  of  the 
belt  tensions  as  the  load  is  increased. 

The  sum  of  the  belt  tensions  has  the  least  value  when  the 
belt  is  at  rest,  and  is  then  equal  to  the  initial  or  laced  tension. 
It  has  now  been  incontestably  proven  that  the  sum  of  the  belt 
tensions  does  not  remain  constant  as  the  load  is  increased.  Mr. 
L  jwis  sums  up  the  matter  thus  :  "  that  the  sum  of  the  belt  ten- 
sions remains  constant,  is  directly  controverted  by  these  experi- 
ments, and  it  can  now  be  positively  asserted  that  in  all  cases  an 
increase  in  the  load  is  accompanied  by  an  increase  in  the  sum 
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o'l  tlio  tonsioiis."  This  results  in  an  increase  of  pressure  on  the 
journal,  and  niaj  be  so  measured  in  any  ^iVen  case  admitting  of 
such  measuremc^nt,  notably  so  in  the  case  of  dynamos  and 
mot(^rs  mounted  on  slidin<^  ways. 

The  writer  has  used  the  terms  "  tight  "  and  "  slack  "  sides  of 
the  belt,  rather  than  the  older  terms  of  "  driving  "  and  "  follow- 
ing" sides,  for  the  reason  that  the  slack  side  is  just  as  much  a 
factor  as  the  tight  side  in  transmitting  power  by  the  belt.  The 
slack  side  of  the  belt,  while  it  does  seem  to  follow  the  tight 
side  in  point  of  location,  has  a  tension  that  is  ati  all-important 
element  in  determining  the  effective  or  working  tension  to  which 
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Tension  in  Lbs.  on  Tight  Side,  or  T, 

Fig.  39. — Showing  the  Vautatiox  of  the  Belt  Tknsio^sis,  Ti  and  T^,  as 
THE  Load  is  Increased.  At  the  Point  **  A  "  the  Tensions  are  Equal 
AND  the  Belt  is  at  Rest. 


the  belt  is  subjected  in  any  given  case.     In  other  words,  the 
slack  tension  is  an  element  in  the  driving  tension  of  the  belt. 

The  many  valuable  experiments  recorded  in  Mr.  Lewis's  paper, 
previously  referred  to,  furnish  sufficient  data  for  a  few  generaliza- 
tions. Two  of  these  of  the  first  importance  relate  to  the  varia- 
tions in  the  individual  belt  tensions  as  the  load  is  altered,  and 
to  th3  manner  in  which  the  sum  and  difference  of  the  tensions 
vary  under  like  conditions.  Characteristic  curves  for  each  of 
these  relations  are  plotted  in  Figs.  39  and  40.  It  is  quite  prob- 
able that  a  careful  comparison  with  similar  mathematical  curves 
will  show  to  what  particular  type  these  belong ;  or  their 
equations  may  be  derived  by  the  well-known  method  of  obtain- 
ing empirical  formulae  to  represent  the  relations  given  by  the 
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curves  plotted  from  observations.  The  author  has  not  yet 
found  any  satisfactory  rehxtion  between  the  quantities  involved 
which  will  apply  to  Mr.  Lewis's  experiments  in  (general.  It 
may  be  interesting  to  note  that  Fig.  40  represents  the  variation 
of  the  pressure  on  the  journal  with  the  horse-power  transmitted, 
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Fig.  40 — Showing  the  Variation  of  the  Sum  and  the  Difference  of 
THE  Belt  Tensions,  or  the  Increase  of  Pressure  on  the  Journal 
AS  the  HoRSE-rowER  Transmitted  by  the  Belt  is  Increased.  At  the 
Point  "A",  the  Pressure  is  Due  to  the  Initial  or  Laced  Tension 
AND  the  Belt  is  at  Rest. 


since  these  are  directly  proportional  to  the  sum  and  difference 
of  the  belt  tensions,  respectively.  When  a  satisfactory  relation 
is  found  connecting  these  two  quantities  w^e  shall  be  able  to  cal- 
culate at  one 3  tho  pressure  on  the  journal  due  to  any  horse- 
power transmitted  by  the  belt.  The  importance  of  this,  in 
some  cases,  cannot  be  overestimated. 
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Aiiotluu'  n^sult  of  this  (l(;t(niiiiiiati()ii  will  Ixi  ;i  iiionj  accurate 
way  of  obtaining  the  average  strain  to  wliicli  the  helt  lias  been 
subjected  under  any  given  load  conditions.  Mr.  F.  W.  Taylor, 
in  Sec.  75  of  his  "  Notes  on  Belting,"  read  before  this  Society,''^ 
calls  attention  to  the  unsatisfactory  state  of  our  present  knowl- 
edge on  this  point : 

"It  would  seem  as  tliough  the  effective  pull  of  the  belt  on  the 
rim  of  the  jiulley  might  be  calculated  by  considering  the  tension 
of  the  cone  belts  at  the  time  when  they  required  tightening  in 
connection  with  their  coefficient  of  friction  and  the  well-known 
belt  formula.  However,  in  looking  through  the  careful  experi- 
ments to  determine  the  coefficient  of  friction,  we  see  that  the 
coefficient  of  friction  varies  from  15  per  cent,  to  135  per  cent., 
according  to  the  nature  and  condition  of  pulleys  and  belts,  the 
belt  dressing,  the  amount  of  slip,  and  even  the  atmospheric  con- 
ditions. And,  again,  the  notable  discovery  of  Messrs.  Lewis  and 
Bancroft  (whose  experiments,  on  the  whole,  appear  to  be  the 
most  carefully  and  thoroughly  conducted),  that  the  '  sum  of  the 
tensions  on  both  sides  of  the  belt  does  not  remain  constant,' 
upsets  all  previous  theoretical  belt  formulae.  When  we  consider 
these  facts  it  would  seem  doubtful  whether  any  calculation  on 
the  subject  would  lead  to  reliable  results." 

T.         /^ 
The  old  established  formula :  -^  —  e 

is  based  on  assumptions  thatdo  not  hold  true  in  the  transmis- 
sion of  power  by  belts.  It  is  derived  on  the  assumption  that 
the  belt  is  just  on  the  point  of  slipping,  but  that  slipping  does 
not  actually  occur.  In  point  of  fact,  slipping  does  occur,  and  to 
a  remarkable  extent.  It  continues  to  increase  as  the  load  is 
increased,  effecting  radical  and  almost  indeterminate  changes 
in  the  coefficient  of  friction.  Many  of  the  experiments  of  Mr. 
Lewis  show  that  with  steady  load  and  at  constant  lineal  speed 
the  belt  kept  on  slipping,  in  some  cases  till  it  slipped  off.  Under 
these  conditions  the  ratio  of  belt  tensions  remained  constant 
because  of  the  steady  load  on  the  belt;  and  yet  this  would 
imply,  by  the  application  of  the  theoretical  formula,  that  the 


■••■  Transaetions  of  tlie  A.  S.  M.  E.,  vol.  xv.,  No.  568,  "Notes  on  Belting,"  by 
Fred.  W.  Tavlor. 
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ooeffioiont  of  friction  remained  constant.  While  it  may  be  true, 
as  earlier  pointed  out  by  Mr.  Towne,  "  that  the  speed  of  slip 
between  the  belt  and  the  pulley  is  a  factor  of  prime  importance 
in  determining  the  coefficient  of  friction,"  clearly  "  there  is  still 
need  of  more  light  on  the  subject,"  as  pointed  out  by  Mr.  Lewis 
at  the  conclusion  of  the  whole  summary  of  his  experiments  on 
belting. 

Fig.  41  shows  the  variation  of  the  ratio  of  the  belt  tensions 
with  the  coefficient  of  friction,  as  determined  from  this  ratio  by 
the  theoretical  formula.     It  has  not  been  possible  to  obtain  any 
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Fig.  41. — Showing  the  Variation  of  the  Ratio  of  the  Belt  Tensions 
WITH  the  Coefficient  op  Friction. 

relation  between  the  speed  of  slip  and  the  coefficient  of  friction, 
even  by  an  added  ^tudy  of  Professor  Lanza's  valuable  experi- 
ments, as  reported  to  this  Society*  in  his  paper  on  the  ''Trans- 
mission of  Power  by  Belting,"  whose  closing  lines  breathe  a 
similar  spirit  of  hopefulness  for  the  future  :  "  While  there  are 
doubtless  some  discrepancies  in  these  few  experiments  which 
will  be  eliminated  as  soon  as  we  have  a  larger  number,  and  while 
we  shall  before  long  be  able  to  make  out  a  table  showing  exactly 
how  much  we  must  strain  our  belts  to  accomplish  any  desired 


*  Transactions  A.  S.  M,  E.,  vol.  vii.,  No.  202,   "Transmission  of  Power  by 
Belting,"  by  G.  Lanza. 
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result  as  to  traiisiuissioii  jiiid  slip,  what  lias  been  doue  is  suf- 
ficient to  enable  ns  to  say  witli  certainty  that  a  coefficient  of 
friction  of  0.42  is  altogetlier  too  large  and  is  never  realized  in 
practice." 

Upon  plotting  a  series  of  values  from  Mr.  Lewis's  experiments 
to  show  the  relation  ])etween  the  ratio  of  the  tensions  and  the 
ratio  of  their  sum  and  difference  the  general  curve,  Fig.  42,  was 
obtained. 

In  order  to  put  the  curve   in  another  form  closely  allied  to 
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Fig.  43. — Showing  the  Variation  of  the  Ratio   of    the  Belt  Tensions 
WITH  the  Ratio  of  their  Sum  and  Difference. 


an  existing  mathematical  curve.  Fig.  43  was  plotted  showing  the 
relation  between  the  value  of  unity  minus  the  ratio  of  the 
tensions,  and  the  value  of  the  ratio  of  the  sum  aod  difference  of 
the  tensions  minus  unity.  This  is  clearly  a  curve  of  the  loga- 
rithmic form,  and  upon  applying  the  values  from  the  experi- 
^  ments  to  such  a  curve,  they  were  shown  to  agree  in  a  remarkable 
manner.  From  the  equation  of  the  logarithmic  curve  of  this 
type: 


X 


(1) 


y  =  e 
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we  ma3%  therefore,  write  the  following  equation  for  the  curve  of 
Ficr.  43  : 

1 -  =  e 

The  value  of  the  constant  {k)  was  found  by  repeatedly  apply- 
ing the  equation  to  the  results  of  the  experiments  reported  by 
Mr.  Lewis,  and  found  to  be  of  the  form  : 


2  Tj  -  r, 
Substituting  this  value,  we  have 


/!■  =  1  + -^^  =  ~^i-^^ (3) 

ri  —  r.         Ti  —  rg 


or, 

written 

in 

^1-    ^2 

another  form. 

as 

3ri- 
e 

follows  : 

2  rj 

r^ 

2r,- 
=  e 

To 

''-         ......     (4) 


(5) 


^1  -  r^ 

The  value  of  e,  the  base  of  the  Naperian  system  of  logarithms, 
is  2.7183. 

This  equation  has  been  equally  tested  by  applying  it  to  the 
recorded  data  of  the  two  independent  investigators,  Mr.  Lewis 
and  Professor  Lanza,  for  conditions  throughout  a  wide  range. 
From  one  with  a  coeflScient  of  friction  of  0.228  and  a  belt  slip  of 
0.8  foot  j)er  minute  to  one  with  a  coefficient  of  friction  of  1.37  and 
a  belt  slip  of  54  8  feet  per  minute,  the  differences  between  the 
actual  and  the  calculated  values  (as  given  by  the  formula)  pass 
from  very  small  positive  to  very  small  negative  values.  From 
these  and  like  considerations  it  would  appear  that  the  disturb- 
ing elements  of  belt  slip  and  variable  coefficient  of  friction  do 
not  enter  to  change  in  any  A^ery  material  way  the  relation  be- 
tween the  ratio  of  the  belt  tensions  and  the  ratio  of  their  sum 
and  difference,  as  finally  reduced  to  the  form  of  the  equation 
referred  to. 

The  formula  derived  from  a  consideration  of  the  losrarithmic 
or  exponential  type  of  curves,  as  shown  in  Figs.  42  and  43,  is 
clearly  an  empirical  one.  It  is  not  claimed  that  it  will  hold  true 
throughout  all  ranges  of  loads  for  all  cases  of  belt  transmission. 
Such  a  formula  is  yet  to  be  derived.  But  the  present  one  ap- 
proximates so  closely  the  results  of  the  experiments  of  Mr. 
Lewis  and  Professor  Lanza,  two  iiidependent  investigators,  that 
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it  may  be  talaiJi  for  all  ol"  tho  oidiiiary  casos  of  belt  trausmission. 
It  is  at  least  one  form  of  expression  for  the  general  law,  so 
clearly  indicated  by  Figs.  42  and  43.  The  problem  is  to  arrive  at 
ail  expression  for  the  ratio  of  the  tangential  and  normal  forces 
on  the  belt  as  it  moves  over  the  pulley  in  transmitting  x)ower. 
In  other  words,  what  is  wanted  is  the  coefficient  of  friction  of 
the  belt  on  the  pulley  under  dynamic  conditions,  when  trans- 
mitting })ower,  and  not  the  coefficient  of  friction  under  statical 
conditions,  when  just  on  the  point  of  slipping.     "What  such  a 
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Fig.  43. — Showing  the   same   Law  of   Variation   as   Fig.  42,   and  from 
WHICH  THE  Empirical  Formula  was  Derived. 

relation  should  be  has  not  yet  been  determined  ;  but  it  does 
seem  as  though  it  should  involve  the  tangential  or  effective  pull 
of  the  belt  (the  difference  of  the  belt  tensions,  Ti  —  T^)  and  the 
pressure  on  the  journal  (the  sum  of  the  belt  tensions,  Ti  +  7^2)- 
The  effect  of  centrifugal  force  on  the  belt  should  be  considered 
theoretically ;  but  this  is  taken  into  consideration  in  the  experi- 
mental data  themselves,  which  give  the  values  of  the  sum  and  dif- 
ference of  the  belt  tensions.  The  many  unsteady  and  uncertain 
conditions  of  belt  testing  make  it  difficult;  to  get  exact  relations, 
much  less  to  duplicate  them.  We  shall  await  the  results  of 
other  investigators  to  corroborate  these  conclusions  drawn  from 
the  experiments  heretofore  presented  to  this  Society. 


i 
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DISCUSSION. 

Mr.  Carl  G.  Barth, — Though  the  experiments  on  the  transmis- 
sion of  power  bj  behing  inade  by  Messrs.  Lewis  and  Bancroft 
date  back  to  a  time  when  T  was  still  in  the  employ  of  William 
Sellers  &  Co.,  of  Philadelphia,  and  though  I  was  at  one  time  fulh' 
familiar  with  Mr.  Lewis's  paper  on  the  subject,  I  must  confess 
that  I  have  never  seriously  paid  any  attention  to  the  conclusions 
di'awn  by  Mr.  Lewis  until  reading  over  the  paper  now  presented 
to  this  Society  by  Mr.  Aldrich.  lu  so  doing,  however,  the  idea 
suggested  itself  to  me,  that  all  this  mystery  about  the  behavior  of 
the  tensions  in  the  two  sides  of  a  belt,  could  probably  be  explained 
on  the  quite  plausible  assumption  that  the  modulus  of  elasticity  of 
leather  is  not  practically  constant  for  all  stresses  within  the  elastic 
limit — as  it  is  for  most  materials  of  construction — but  decidedly 
variable.  Acting  on  this  suggestion,  I  readily  found  that  a  curve 
of  the  same  general  character  as  that  plotted  in  Fig.  39  of  Mr. 
Aldrich's  paper,  to  represent  observed  simultaneous  tensions  in  a 
belt,  could  be  constructed  on  the  assumption  that  the  elongation 
of  a  piece  of  leather  is  proportional  to  the  square  root  of  the 
stress,  instead  of  to  the  stress  direct ;  and  encouraged  by  this,  I 
soon  reproduced  the  curve  itself  with  remarkable  closeness,  on 
the  assumption  that  the  elongation  varies  as  the  ,^o  power  of  the 
stress.     Assuming  thus : 


Al       T 


.65 


I  ~  c 

where  /^  Hs  the  elongation  of  a  length  I  under  a  tension  J',  and  C 
is  a  constant,  we  may  write  the  excess  in  the  lensrth  of  the  light 
side  of  a  belt  over  its  original  length  ?,  under  no  tension, 

T  -7 


and,  similarly,  the  excess  in  length  of  the  slack  side, 

■'.6; 


rp  Ml 

J'.  =  ^ (2) 


Adding  (1)  and  (2)  gives 

c 


7^.657     _i_    7^.657 

J  l^  +  J  1^  =  hJL±JlJ?      ....    (3) 


10 
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But  when  no  power  Ih  transmitted,  7',  and  T^  are  equal,  and  des- 
ignating their  common  vahie  l)y  T„„  \v(i  may  therefore  write 

2J/^  =  2^'^'^- (4) 

Now,  it  is  clear  tliat  the  total  elongation  of  a  belt  must  be 
practically  the  same,  no  matter  how  the  tensions  vary,  and  no 
matter  how  influenced  by  centrifugal  action,  so  long  as  the  belt 
remains  in  contact  witli  its  pulleys,  and  hence  we  may  write 

J  /i  +  J  4  =  2  z/  ?„, 
so  that  combining  (3)  and  (4)  we  get 

T' .mi      I      rp  .mj    —   i)rp   .657 
1     ^\.   ~T~    -'-2     h  —   ^-^m     ^w 

But  no  appreciable  error  will  be  committed  by  writing  l^  for 
both  li  and  I2,  which,  however,  will  simplify  this  last  equation  to 

Ti''+  Ti^  =  2TJ' (5) 

On  the  above  made  assumption,  and  neglecting  the  undoubtedly 
only  small  possible  modifications  that  would  be  introduced  by 
taking  account  of  the  variable  tensions  and  elongations  in  the 
parts  of  a  belt  in  contact  with  the  pulleys,  and  the  variation  in  the 
catenaries  of  the  o]:)en  parts,  we  thus  have  a  very  simple  equation 
for  the  relations  existing  between  the  tensions  in  the  two  sides  of 
a  belt-transmitting  power,  and  the  initial  tension  of  the  belt  at 
rest ;  and  the  same  is  hereby  respectfully  submitted  to  the  con- 
-sideration  of  such  investigators  as  have  a  good  testing  machine  at 
their  disposal,  and  who  are  thus  able  to  determine  whether  the 
assumption  made  will  be  borne  out  by  the  facts  about  the  physical 
properties  of  leather.  However,  even  if  not  substantiated  by  such' 
facts,  this  formula  would,  on  account  of  its  greater  simplicity,  be 
a  material  improvement  as  an  empirical  substitute  for  the  one 
that  constitutes  Mr.  Aldrich's  fifth  conclusion.  In  either  case  it 
implies  the  acceptance  of  Mr.  Aldrich's  first  three  conclusions, 
while  I  fail  to  see  that  he  has  in  any  way  substantiated  his  fourth 
conclusion — the   condemnation    of    the    luell-lcnown   belt  fornnda 

i—l  =  e^^].     I  thus  do  not  see  why  the  friction  of  a  slipping  belt 

should  be  essentially  different  from  that  of  n  statical  one,  except 
in  so  far  as  it  has  been  well  established  that  the  coefficient  of 
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friction  for  slip  is  greater  than  for  rest,  and  thus  exphxins  why  a 
belt  must  slip  considerably  in  order  to  transmit  an  amount  of  power 
that  calls  for  a  great  difference  in  the  two  tensions^  and  accord- 
ingly also  a  great  ratio  between  them.  To  be  sure,  the  formula 
is  in  so  far  defective  as  in  its  derivation  the  effect  of  the  thickness 
of  the  belt  is  neglected,  this  being  treated  as  infinitely  small  as 
compared  with  the  diameter  of  the  pulley;  and  I  therefore  take 
this  opportunity  to  also  offer  an  improvement  on  this  formula, 
which  I  derived  some  time  last  spring  while  working  up  the 
subject  of  power  transmission  for  a  new  advanced  course  of 
mechanical  engineering  for  the  International  Correspondence 
Schools  of  Scranton,  Pa. 
This  improved  formula  is 


which  without  material  error  may  be  written  in  the  simpler  form, 

d 

Xow,  of  course,  so  long  as  so  little  is  known  about  the  value  of 
the  coefficient  of  friction  under  various  conditions,  it  would  be  out 
of  place  to  make  use  of  this  more  exact  formula  in  actual  calcula- 
tions ;  but  the  same  is  nevertheless  of  considerable  interest  as  it 
to  some  extent  will  explain  the  well-known,  but  to  my  knowledge 
never  before  explained,  fact  that,  under  otherwise  equal  condi- 
tions, a  belt  will  slip  more  readily  on  a  pulley  of  small  diame- 
ter than  on  one  of  larger  jdiameter,  but  with  the  same  arc  of 
contact. 

J//'.  Wilfred  Lewis. — As  the  purpose  of  this  paper  is  to  open  up 
discussion,  some  criticism  of  the  author's  conclusions  is  evidently 
invited,  and  appreciating,  as  I  do,  his  efforts  to  establish  new 
truths  from  old  data.  I  would  be  glad  to  agree  with  him  in  every 
particular,  but  in  this  hope  I  have  been  disappointed,  and  it  is 
therefore  my  privilege  to  dissent  and  give  reasons. 

It  is  not  at  all  surprising  that  the  sum  of  the  tensions  in 
horizontal  belts  should  increase  with  the  load  transmitted,  and 
this  fact  argues  no  peculiarity  in  leather  as  a  transmitting 
medium,  because  it  must  be  true  of  any  material.     This  much 


148      VARIATION   OF   RKLT   TENSIONS    Wl'IMI    P()^V^:R   TRANSMITTED. 

could  havo  been  ])V()V0(1  without  recourse  to  experiments,  because 
the  slack  side  can  h)se  in  tension  only  so  much  as  is  due  to  the 
length  which  it  gains  from  tightening  the  other  side.  It  could 
not  lose  all  its  tension  if  the  belt  were  clamped  to  the  pulleys 
and  the  tension  on  the  tight  side  were  increased  to  several  times 
the  original  sum  of  the  tensions. 

The  length  between  pulleys  is  therefore  an  important  factor, 
and  the  tension  on  either  side  might  be  estimated  from  the 
catenary,  which  its  length  permits  it  to  take.  There  is,  therefore, 
no  law  to  be  anticipated  as  applicable  to  all  belts  without  regard 
to  position  or  distance  between  pulleys. 

The  surprising  fact  noted  in  the  Sellers  experiments  was  an 
increase  in  the  sum  of  the  tensions  upon  vertical  belts.  Here 
there  was  no  sag  between  pulleys  to  account  for  it,  and  the 
explanation  could  only  be  found  in  a  peculiarity  of  the  belt 
material.  The  cause  was  immediately  sought  in  some  variable 
rate  of  extension  under  increasing  loads,  and  experiments  made 
at  the  time  but  not  included  in  the  published  record  fully  con- 
firmed this  view. 

The  modulus  of  elasticity  for  leather  was  found  to  increase 
with  increasing  tension,  but  it  could  not  be  definitely  formulated, 
because  time  also  was  found  to  have  an  influence  which  could 
not  be  neglected. 

This  change  in  elasticity  naturally  affects  the  sum  of  the 
tensions  in  horizontal  belts,  but  as  the  length  between  centres 
increases,  its  influence  becomes  of  less  and  less  importance. 

Therefore,  while  agreeing  with  Mr.  Aldrich's  first  conclusion,  it 
seems  to  me  important  to  note  the  causes  operating  under  diffe'cent 
conditions  to  increase  the  sum  of  the  tensions,  and  the  impossi- 
bility of  formulating  the  increase  without  regard  to  these  condi- 
tions. 

So  also  with  the  second  conclusion.  The  third  conclusion  is 
partly  true  for  all  belts,  whether  vertical  or  horizontal ;  but  the 
amount  of  increase  in  T^  —  T^,  and  in  T^  +  T^  has  a  very  decided 
limit  for  the  former  condition,  whether  the  belt  be  long  or  short, 
while  its  limit  for  the  latter  condition  depends  chiefly  upon  the 
length  of  the  belt. 

In  regard  to  the  fourth  conclusion,  that  the  ratio  of  the  tension 
cannot  be  calculated  with  any  degree  of  accuracy  by  the  usual 

formula  f  —  =       j,  there  is  some  ground,  I  think,  for  believing 
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that  the  assumptions  npon  which  this  formuki  is  based  are  not 
always  realized  in  practice.  It  assumes  with  good  reason  that 
fiiction  is  proportional  to  normal  pressure,  and  increases  from  the 
slack  to  the  tight  side  of  the  belt  as  it  wraps  around  the  pulley, 
the  coefficient  y  remaining  constant  throughout,  but  in  extreme 
cases,  where  y  is  very  high,  there  is  always  a  certain  amount  of 
gum-like  stickiness  on  the  belt  surface  which  may  vitiate  the 
correctness  of  this  fundamental  assumption. 

This  gummy  material  in  the  belt,  or  on  its  surface,  warms  up 
by  excessive  slipping  into  a  lubricant  which  finally  destroys  ad- 
hesion, and  allows  the  belt  to  slip  off.  I  do  not  think,  however, 
that  under  ordinary  working  conditions  the  formula  in  question 
can  be  much  at  fault. 

However  this  may  be,  whether  friction  is  strictly  proportional 
to  the  normal  pressure  against  the  pulley  surface  or  not,  the  ratio 

-T- 

—  must  depend  upon  friction    for  existence  whenever  it  differs 

from  unity,  and  yet  it  is  quite  possible  to  admit  in  the  fifth  con- 
clusion that  there  is  a  definite  relation  between  the  ratio  of  the 
belt  tensions  and  the  ratio  of  their  sum  and  difference,  which  re- 
lation is  independent  of  the  coefficient  of  friction.  This  is  the 
obvious  relation  between  the  sum  and  difference  of  any  two  quan- 
tities, but  the  attempt  to  formulate  it  is,  in  the  present  case,  a 
demonstrable  failure. 

2r2 

The  proposed  equation    — — - —  =  e^    ^       ^  begins  and  ends  in 


T^  —  r 


the  same  terms  without  any  foundation  to  stand  on,  and  to  find  the 

f . 
relation —  we  must  substitute  in  the  second  term  of  the 

n  -  r^ 

equation  the  values  of  the  very  quantities  r^  and  Tg  that  we  seek 
to  find  in  the  first.  But  if  r^  to  Tg  are  known,  the  first  term  is 
known,  and  of  what  use,  it  may  be  asked,  is  the  second  ? 

In  this  equation  a  relation  is  set  up  between  identical 
quantities,  and  the  base  I  stands  ready  to  be  raised  to  a  power 
which  implies  full  knowledge  of  the  relation  sought.  There  is, 
therefore,  no  occasion  to  perform  the  operation,  but  if  we  do 
go  to  that  trouble,  the  error  in  the  supposed  relation  is  at  once 
established. 

No  matter  what  the  coefficient  of  friction  may  be,  to  must  be 
equal  to  or  less  than  r^.     If  these  quantities  are  equal,  the  first 
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term  of  the  equation  becomes — -  ,=  cc     and  the  second,  e'  =  lA. 

(> 

making  00  =  7.4,  which  is  manifestly  absurd. 

If  r,  —  .Or,,  the  first  term  equals  10  and  the  second  term  be- 

1  S 
comes  e    '..  =  5.1().     The  two  terms  of  this  alleged  equation  will 

approach  each  other  in  value  as  r.^  grows  less,  but  thej  will  never 
accord  until  To  becomes  zero,  which  applies  only  to  an  impossible 
assuin])tion. 

The  process  by  which  this  relation  was  deduced  is  clearly  a 
case  of  reasoning:  in  a  circle. 

Figs.  39  and  40  are  legitimate  expressions  for  interesting  rela- 
tions derived  from  experiments. 

Fig.  41  graphically  represents  theoretical  values  of  f  for  varia- 
tions in  the  ratio  of  the  belt  tensions. 

Fig.  42  assumes  to  be,  and  no  doubt  was,  derived,  as  stated,  by 
plotting  a  series  of  values  from  the  Sellers  experiments,  but  it  is 
not  necessarily  a  diagram  derived  from  or  dependent  upon  experi- 
ment at  all.  The  ordinates  and  abscissas  in  this  curve  are  mutu- 
ally convertible,  for  when  one  is  known  the  other  is  positively 
fixed,  and  the  diagram  really  tells  nothing. 

The  same  may  be  said  of  Fig.  43,  Vvdiich  simply  portrays  rela- 
tions between  different  groups  of  identical  quantities. 

The  relations  between  these  different  forms  of  the  same  quanti- 
ties have  been  driven  in  a  circle  to  the  final  result,  in  which  the 
equated  values  may  not  meet,  as  already  shown,  by  as  much  as 
tlie  difference  between  7.4  and  infinity. 

The  problem  to  be  solved  in  the  use  of  belting  is  not  so  much 
what  a  given  belt  can  pull  as  what  it  ought  to  be  required  to  pull, 
and  on  this  point  the  data  given  by  Mr.  F.  W.  Taylor  in  his  "  Notes 
on  Belting  "  *  are  ^particularly  valuable.  It  is  really  a  question  of 
dollars  and  cents  ;  the  larger  the  belt  used  for  a  given  duty,  the 
greater  the  first  cost  and  the  less  the  cost  of  maintenance,  and 
we  must  determine  as  best  we  can  how  far  it  pays  to  increase  the 
first  cost  for  the  sake  of  the  saving  in  maintenance. 

Mr.  Taylor  has  shown  by  years  of  careful  cost  records  that  it 
does  not  pay  to  drive  belting  beyond  a  certain  working  limit, 
which  is  far  within  the  bounds  of  common  usage. 

It  is  hard  to  come  down  to  the  values  he  recommends,  because 

*  Transactions  American  Society  Mechanical  Engineers,  vol.  xv.,  No.  558. 
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the  first  cost  is  an  obstacle  in  the  living  present,  while  the  main- 
tenance belongs  to  the  dim  future;  but  if  we  come  anywhere  near 
his  figures,  it  is  safe  to  say  that  the  increase  in  the  sum  of  the 
tensions  may  be  left  to  take  care  of  itself.  The  greatest  increase 
is  to  be  expected  on  long  horizontal  belts,  and  these  are  unques- 
tionably the  best  suited  to  take  it,  because  they  can  stretch  more 
than  any  others  without  requirir^  attention. 

The  practice  of  William  Sellers  &  Co.,  Incorporated,  in  the  use 
of  belting  is  shown  by  the  diagrams  herewith  (Figs.  44  and  45). 
This  was  adopted  years  ago  as  the  result  of  the  best  light  obtain- 
able, a  decided  difference  being  then  made  between  laced  and 
cemented  belts,  but  with  the  recent  improvements  in  lacings  the 
difference  shown  may  now  be  too  great. 

The  working  strength  of  the  leather  is  probably  greater  than 
Mr.  Taylor  would  approve,  but  it  is  on  the  side  toward  which 
people  naturally  lean,  saving  in  first  cost,  and  it  is  offered  in  this 
connection  as  representing  in  concise  form  the  outcome  of  the 
labors  of  William  Sellers  &  Co.,  Incorporated,  on  the  subject  of 
belting. 

3I?\  Bartli. — I  would  like  to  say  a  few  additional  words  in 
defence  of  analytical  methods  and  treatment.  You  certainly 
want  as  complete  a  mathematical  analysis  as  you  can  possibly 
get  in  connection  with  any  mechanical  problem,  even  if  this  leads 
to  a  formula  which  is  too  long  and  cumbersome  for  the  practical 
engineer  to  make  direct  use  of,  or  to  one  whose  refinements  are 
lost,  in  its  application,  by  the  indeterminateness  of  some  assumed 
constant,  as  in  this  case  the  coefficient  of  friction  between  the 
belt  and  the  pulley.  The  importance  and  possibilities  of  mathe- 
matical analysis  are  sadly  unappreciated  by  even  many  of  our 
most  reputable  practical  engineers,  who  still  stick  to  the  idea  of 
making  experiments  and  testing  to  destruction.  But  experiments 
undertaken  without  the  guidance  of  at  least  a  fairly  complete 
theory  founded  on  analysis,  more  frequently  lead  to  a  misinter- 
pretation of  the  observations  made  than  to  correct  conclusions  ; 
while  the  testing  to  destruction  of  anything  but  a  simple  centrally 
loaded  member,  cannot  possibly  furnish  you  with  information 
that  will  enable  you  to  determine  a  proper  working  load.  For  is 
it  not  a  fact  that  you  want  to  limit  the  stresses  under  actual  work- 
ing conditions  to  something  certain  ?  And  when  you  test  a  thing 
to  destruction  you  absolutely  npset  the  conditions  and  relations 
that  exist  before  any  material  deformation  takes  place.     Only  by 
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a  judicious  combination  of  tests  and  analysis  can  you  hope  to  get 
proper  ]>roportions  into  your  engineering  structures,  and  you  may 
feel  sure  that  the  possibilities  of  mathematical  analysis  in  engi- 
neering are  as  yet  far  from  exhausted,  even  though  some  may 
fancy  tln^re  is  nothing  in  it. 

Mr.  Oherlin  Smith. — I  would  like  to  ask  whether  any  gentlemen 
here  have  had  any  experience  of  the  relative  power  wasted  with 
double  width  and  single  width  by  the  extra  stiffness  in  belts.  I 
want  to  know  tlie  power  which  is  wasted  by  bending  a  belt  which 
probably  would  bend  about  as  the  square  of  its  thickness  over 
the  power  used  b}^  a  thin  one. 

Prof.  Wnt.  S.  Aldricli.'^'' — It  lias  been  repeatedly  shown,  and 
again  noticed  in  this  paper,  that  the  most  readily  obtained  value 
in  any  case  of  belt  transmission  is  the  difference  of  the  belt  ten- 
sions. In  particular,  in  the  case  of  dynamos  and  motors,  the 
power  transmitted  by  the  belt  is  very  easily  obtained  from  the 
known  efficiency  of  the  machine,  and  the  watts  output  or  input, 
as  the  case  may  be. 

If,  now,  to  combine  with  this  difference  of  belt  tensions  we  can 
get  another — an  empirical  relation  between  the  belt  tensions  not 
involving  directly  the  coefficient  of  friction,  or  the  slip  of  the  belt — 
we  shall  then  be  able  to  determine  the  separate  tensions.  This 
cannot  be  more  than  an  approximation,  in  any  case.  It  will  be 
sufficiently  accurate,  however,  to  be  useful  in  forming  some  idea 
of  the  sum  of  the  tensions;  that  is,  of  the  pressure  on  the  jour- 
nals. In  many  cases,  as  in  dynamo  and  motor  working,  this  is 
a  desirable  quantity.  There  are  very  few  such  instances  where  it 
can  be  readily  measured,  as  by  a  spring  balance. 

The  author  has  attempted  to  derive  such  a  relation  as  indicated 
above,  from  a  consideration  of  the  nature  of  the  curve  shown  in 
Fig.  42  of  the  paper.  This  curve  is  derived  from  and  is  depend- 
ent upon  the  values  for  the  belt  tensions  given  in  278  out  of  330 
of  the  experiments  reported  by  Mr.  Lewis.  It  represents  the 
characteristic  variations  between  the  tensions  indicated. 

The  value  of  the  constant  {k)  and  the  resulting  equation  (5) 
have  been  obtained  by  the  most  thoroughly  recognized  process  in 
experimental  engineering  ;  namely,  by  plotting  the  experimental 
results,  and  then  proceeding  to  find  a  mathematical  relation,  as 
an  equation  of  condition,  which,  with  suitable  constants,  will  apply 

*  Author's  closure,  under  the  Rules. 
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to  the  curve  plotted.  Tlie  curve,  Fig.  4;J,  was  derived  from  Fig. 
42  by  tlio  well-known  method  of  changing  the  origin  of  cocadi- 
nates  ;  but  this  d()(\s  not  cliaiige  its  valiKi  in  the  least  as  represent- 
ing the  relations  between  the  experimental  values.  It  shows  a 
family  likeness  to  a  well-known  matlnmiatical  curve,  the  equation 
of  which  has  long  since  been  established,  equation  (1). 

An  analysis  of  all  of  the  experiments  on  belting  reported  by 
Mr.  Lewis  shows  that  the  majority  of  them  (278  out  of  330  ;  that 
is,  84.3  p(;r  cent.)  were  run  under  conditions  which  made  the  ratio 

of  the  belt  tensions  -Mess  than   0.3.     The  value  of  the   constant 

(k)  adapted  to  this  range  was  found,  as  stated,  to  be  of  the  form 
given  in  equation  (3).  It  is  to  the  large  number  of  experiments, 
falling  witliin  this  range  of  values,  that  formula  (5)  under  discus- 
sion is  especially  applicable.  Table  I.  shows  its  degree  of  ap- 
proximation for  assigned  values  of  the  ratio  of  the  tensions.  It 
will  be  seen  that  the  approximation  is  sufficiently  close  for  all 
practical  purposes  for  all  of  the  experiments  in  which  the  ratio  of 
the  tensions  is  0.3,  or  less.  This  includes  the  majority,  84.3  per 
cent.,  of  all  of  the  experiments.  The  two  terms  of  equation  (5) 
accord,  therefore,  sufficiently  close,  long  before  the  tension  T2  re- 
duces to  zero. 

It  was  not  claimed  in  the  paper  that  this  formula  (5)  will  hold 
true  for  all  ranges  of  loads  for  all  cases  of  belt  transmission.  It 
will,  however,  apply  with  a  fair  degree  of  approximation,  to  the 
experiments,  eighteen  in  number,  in  which  the  ratio  of  the  ten- 
sions is  between  0.3  and  0.4.  Beyond  this  latter  ratio  the  diver- 
gence gradually  becomes  greater  ;  but  this  includes  only  thirty- 
four  out  of  330  of  the  experiments  to  which  the  formula  will  not 
apply. 

The  application  of  the  formula  may  be  further  examined  by  in- 
serting, in  equation  (5),  the  values  of  2\  and  T2  from  any  set  of 
experiments  to  which  the  formula  will  avowedly  apply ;  that  is, 
to  those  cases  in  which  the  ratio  of  the  belt  tensions  is  about  0.3 
or  less.  The  results  of  such  substitution  are  shown  in  Table  II., 
for  the  rather  extreme  conditions  cited  in  the  paper,  namely, 
from  one  with  a  coefficient  of  friction  of  0.228  and  a  belt  slip  of 
0.8  foot  per  minute  to  one  with  a  coefficient  of  friction  of  1.37 
and  a  belt  slip  of  54.8  feet  per  minute. 

No  belt  formula  will  apply  to  conditions  which  exist  only  when 
the  belt  is  at  rest.     The  values  of  Ij  and    T^  are  then,  and  only 
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then,  equal.  ^Vlu)  forniula  was  clearly  not  intended  for  such  con- 
ditions. Even  the  well-known  belt  formula,  for  the  ratio  of  the 
tensions,  is  useless  for  these  conditions.  For  then  this  ratio  is  of 
course  unity,  and  there  is  no  coefficient  of  friction.  The  whole 
problem  is  completely  indeterminate  when  the  belt  is  at  rest.  In 
fact,  there  is  then  no  problem  at  all.  You  know  that  the  two  ten- 
sions are  equal,  and  no  formula  is  required  to  ascertain  this. 

Equation  (j)  was  not  derived  to  suit  a  single,  isolated,  and  ex- 
treme case,  such  as  when  Ty  =  0.9  Ti.  There  is  one  and  only  one 
such  case  in  the  whole  list  of  330  experiments  reported  by  Mr. 
Lewis.  The  equation  was  derived  to  suit  the  general  average 
conditions  of  278  cases,  however,  which  it  does  with  a  very  close 
degree  of  approximation,  and  more  closely  than  any  other  empiri- 
cal formula. 

TABLE  I. 

Showinfj  the  degree  of  approximation  of  tlie  formula  for  assigned  values  of  the  ratios  of  the 
tensions. 


Calculated  YALtTEs  for 
Assigned  Values  op 

Assigned 

Values  of 

'A 

Number  of  Experiments  reported  by  Mr.  Lewis, 
whose  actual  ralues  <  f   the    ratio   ~  fall 

T, 

2  7^2 

between  assigned  values  of  this  ratio. 

'j\  -  n 

Infinity. 
10 

5 

3.3333 

2.50 
2.00 

1.6666 

1.4286 

1 . 2500 

1.1111 

7.3891 

5.1346 

3.7935 
2.9359 

2.3563 

1.9477 

1 . 6487 
1  4233 
1.2492 
1.1111 

1.0 

0.9 

0.8 
0.7 

0.6 
0.5 

0.4 

0.3 

0.2 

0.1 

Condition  for  belt  at  rest. 

1  experiment  between  1.0  and  0.9. 

1  experiment  at  0.9. 

4  experiments  between  0.9  and  0.8. 

5  experiments  between  0.7  and  0.6. 

19  experiments  between  0.5  and  0.4. 
18  experiments  between  0.4  and  0.3. 
45  experiments  between  0.3  and  0.2. 
79  experiments  between  0.2  and  0.1. 
154  experiments  below  0.1. 
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TABLE    II. 

Showing  the  application  of  tlie  formula  to  a  set  of  experiments  with  a  vt'ry  wide  range  of 
values  of  tlie  coefficient  of  friction  and  the  slip  of  the  belt.  The  observed  values  are  from  Table 
II.  of  the  paper  by  Mr.  Lewis  on  "  Experiments  on  the  Transmission  of  Power  by  Belting/' 


149 
150 
151 
153 
155 
156 
157 
158 
1.59 
161 


Tensions 

Measured 

uuiuNG  Test. 


Sum 
of 

Ten- 
sions : 
7\  +  7\ 


105 
110 
1-20 
150 
182 
202 
216 
232 
252 
292 


Work- 
ing 
Ten- 
sion : 

7\  -  T, 


40 
60 
~80 
120 
160 
180 
200 
220 
240 
280 


Derived 

Values  of 

Individual 

Belt  Ten- 

sions. 

Tight 

Slack 

Side : 

Side  : 

7', 

?2 

72.5 

32.5 

85 

25 

100 

20 

135 

15 

171 

11 

191 

11 

208 

8 

226 

6 

246 

6 

286 

6 

Ratios  of 
Tensions. 


.449 

.294 

.200 

.1111 

.004:^ 

.0516 

.0385 

.0266 

.0244 

.0210 


2.625 
1.833 
1.500 
1.2.-i0 
1.137 
1.122 
1.080 
1.055 
1.050 
1.043 


Comparison  of,  Observed  with 
Calculated  Values. 


Values  from 
Observed  Data. 


T^ 


'1\  -  7', 


1.813 
1.416 
1.250 
1.125 
1.069 
1.061 
1.040 
1.027 
1.025 
1.021 


2  7^0 


2  7-j-7'2 


.5777 
.3148 
.2222 
.1176 
.0665 
.0.593 
.0392 
.0269 
.0247 
.0212 


Calcn- 
latid 

Values 

of 

2  '1\ 


■i'I\-l\ 


.5950 
.3478 
.2231 
.1178 
.0667 
.0592 
.0392 
.0266 
.0347 
.0208 


Diff. 
between 
Obs.  and 

Calc. 

Values 

of 

2T^ 


2  7'    _    '7' 


-.0173 
-.0030 
-.0009 
-.0002 
-.0002 
+  .0001 

.OCOO 
+  .0003 

.0000 
-h  .0004 


Rangp:  of 

Running 

Values  of  : 


.228 
.396 
.524 
.723 
.913 
.950 
1.12 
1.29 
1.32 
1.37 


4/  — 

P3S 


0.8 

1.2 

1.6 

2.8 

4.8 

12.0 

23.2 

28.0 

39.2 

54.8 
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DCCXCVIII.* 

COOLING    TOWER  AND    CONDENSER  INSTALLATION, 

BY  J.   H.  VAIL,    rHILADELPHIA,    PA. 

(Member  of  the  Societj'.) 

The  conditions  existing  prior  to  the  installation  of  the  plant 
referred  to  in  the  following  paper  were  as  follows  : 

The  electric  light  station  was  equipped  with  27  boilers  48 
inches  in  diameter,  20  feet  long,  with  22  5-inch  tubes.  These 
boilers  were  set  two  to  a  furnace,  grate  surface  8  feet  6  inches 
by  5  feet,  the  odd  boiler  being  set  to  a  single  furnace.  The 
engine  capacity  and  the  load  on  the  station  already  taxed  all 
the  boilers  to  the  limit  of  their  steaming  capacity. 

Plans  had  been  prepared  and  estimates  made  for  enlarging 
the  building  and  increasing  the  boiler  capacity,  prior  to  the 
time  the  proposition  was  given  in  charge  of  the  writer. 

After  a  preliminary  investigation  of  the  existing  conditions, 
the  writer  recommended  that  by  the  putting  in  of  a  cooling 
tower  and  a  condensing  system  the  engine  capacity  of  the 
station  could  be  increased,  leaving  the  boiler  capacity  the  same, 
thus  saving  the  cost  of  adding  more  boilers  and  enlarging  the 
building,  and  at  the  same  time  obtaining  better  economy,  as 
well  as  a  greater  capacity  for  production. 

To  determine  the  steaming  capacity  of  the  boilers,  two  tests 
were  made  with  one  pair  of  boilers,  which  showed  the  following 
results  under  regular  working  conditions  : 

Duration  of  test,  five  hours. 

Coal,  Shenandoah  pea. 

Average  temperature  boiler  feed,  206.5  degrees  Eahr 

Grate  surface,  43  square  feet  total. 

Average  steam  pressure,  97.4  pounds. 

Average  temperature  boiler  room,  69  degrees. 

Average  temperature  stack  gases,  440  degrees. 


*  Presented  at  the  Xew  York  meeting-  (December,  189S)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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Coal  fired,  0,280  pounds. 

Weight  of  ashes,  892  pounds. 

Weight  of  combustible,  5,3'S8  pounds. 

Water  evaporated,  70i.G  cubic  feet,  42,818  pounds. 

Water  evaporated  per  pound  of  coal  from  and  at  212  degrees, 
7. 1 3  pounds. 

AVater  evaporated  per  pound  coml)ustible  from  and  at  212 
degrees,  8.24  pounds. 

Coal  burned  per  square  foot  of  grate  per  hour,  29.2  pounds. 

This  test  showed  that  each  48-inch  by  20-foot  boiler  would 
evaporate  into  steam  4,281  pounds  of  water  per  hour,  giving  a 
capacity  of  115,587  pounds  steam  per  hour  with  every  boiler 
in  operation.     Coincident  with  the  boiler  test,  one  18i  by  80 
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Fig.  46. 


Buckeye  engine  was  using  the  steam  from  the  boilers  under 
test.  Indicator  cards  were  taken  at  fifteen-minute  intervals  for 
five  hours.  The  result  from  the  engine  test  and  average  of  all 
cards  showed  a  steam  consumption  of  46  8  pounds  steam  per 
indicated  horse-power  per  hour.  A  pair  of  specimen  cards  are 
shown  in  Fig.  46,  and  will  serve  for  comparison  with  cards  taken 
from  the  same  engine  some  months  later,  after  alterations. 

After  the  data  derived  from  these  tests  had  been  analyzed,  the 
writer  recommended  that  the  Buckeye  engine  should  be  con- 
verted from  the  18^  by  30  high-pressure,  engine  into  a  14J  and 
25  by  30  tandem  compound  condensing  engine ;  rJso  that  an 
additional  750  horse-power  tandem  compound  condensing  engine 
should  be  erected  in  the  station,  together  with  a  cooling  tower 
and  the  necessary  condenser  equipment,  and  that  the  only  change 
in  boilers  should  be  to  raise  the  working  pressure.  No  increase 
of  boiler  capacity  has  been  made. 
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After  investigation,  the  Barnard  Patent  cooling  tower  was 
selected  as  desirable  to  best  meet  the  conditions  existing  at  tliis 
plant,  which  Avere  minimum  floor  space,  and  minimum  weight, 
and  a  considerable  elevation  above  floor  level  of  engine  room. 

The  elevation  and  general  view  of  the  tower  are  shown  in  Fig. 
47,  while  Fig.  48  gives  the  interior  arrangement  of  mats,  etc. 

Details  of  Cooling  Tower. 

The  cooling  tower  is  of  the  twin  type,  having  two  chambers, 
with  a  pair  of  fans  supplying  a  strong  draft  of  air  to  each  cham- 
ber. The  interior  dimensions  are  12  feet  3  inches  by  18  feet 
by  29  feet  6  inches  high. 

The  tower  is  mounted  on  a  substructure  of  steel  columns  and 
I  beams,  supported  on  substantial  foundations. 

There  are  outside  galleries  and  ladders  affording  convenient 
access  to  necessary  points. 

The  shell  of  the  tower  is  of  steel  plate,  properly  reenforced 
with  angle  and  channel  irons. 

The  hot  water  from  the  condenser  discharge  is  delivered 
through  a  10-inch  wrought-iron  pipe,  extending  the  whole 
length  of  each  chamber,  and  is  slotted  on  top  and  perforated  at 
the  bottom,  giving  equal  distribution  to  a  series  of  distributing 
pipes  extending  across  the  tower,  each  pipe  being  slotted  and 
perforated,  thus  insuring  a  very  uniform  distribution  of  water. 

Means  are  provided  for  cleaning  these  pipes,  which  is  found 
necessary  in  cold  weather,  when  the  cylinder  oil  from  the  exhaust 
steam  is  liable  to  clog  the  pipes  and  interfere  with  the  uniform 
and  free  distribution  of  the  water. 

The  hot  water  falls  from  the  distributing  pipes  over  galvanized 
wire  mats,  arranged  as  shown  in  Fig.  48. 

Each  mat  is  suspended  by  galvanized  iron  hooks,  and  is  easily 
removed  for  cleaning  or  repairs. 

In  actual  service  it  is  found  that  the  w^ater  is  uniformly  dis- 
tributed. 

The  circulation  of  air  is  furnished  by  two  pairs  of  steam- 
driven  fans,  each  pair  of  fans  being  mounted  right  and  left  on 
the  same  shaft,  and  the  four  fans  being  capable  of  delivering  the 
necessary  quantity  of  air  w^hen  driven  at  a  speed  not  exceeding 
150  revolutions  per  minute. 

The  air  entering  the  tower  chambers  at  the  lower  section  is 
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Fig.  47. 
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deflected  vertically  from  eacli  fan,  thus  avoiding  cross  currents, 
and  affording  a  uniform  blast  upward  and  between  the  mats. 

The  rated  capacity  of  each  section  of  this  cooling  tower  is  to 
cool  the  circulating  water  needed  to  condense  12,500  pounds  of 
exhaust  steam,  from  an  initial  temperature  of  132  degrees  Falir. 
to  80  degrees  Fahr.,  when  the  atmospheric  temperature  does  not 
exceed  75  degrees  Eahr.,  nor  the  humidity  85  per  cent. 


Fig.  48. 

On  account  of  suitable  floor  space  for  the  cooling  tower  not 
being  available  near  the  ground  level,  it  became  necessary  to 
mount  it  on  a  superstructure  above  the  boiler  room,  the  total 
elevation  from  the  condenser  to  the  discharge  opening  at  top  of 
tower  being  58  feet. 

This  elevation  places  more  duty  on  the   air  pump  than  is 
desirable,  but  was  unavoidable  for  the  reasons  stated. 
11 
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The  circulating  water  is  Jiandled  ))y  a  ]31ake  vertical  twin  air 
pump  and  jet  condenser  (Fig.  50).  Indicator  cards  showing  the 
performance  in  the  steam  cylinders  of  the  air  pump  are  shown 
in  Fig.  49. 

In  an  equipment  of  this  kind  it  is  very  important  to  have 
facilities  for  driving  the  fans  at  variable  speeds ;  this  requisite 
flexibility  has  been  obtained  by  using  a  small  vertical  engine, 
direct  connected  to  the  shaft  of  each  pair  of  fans. 

The  first  intention  was  to  drive  the  fans  belted  from  electric 
motors.     An  analysis  of  all  the  conditions  proved  this  method 


CARDS  FROM 

BLAKE  TWIN  VERTICAL  AIR   PUMP. 


Fig.  49. 


undesirable  for  the  reason  that  there  would  be  too  many  trans- 
lating devices  interposed  between  the  live  steam  pipe  and  the 
shaft  of  the  fan.  These  translating  devices  would  have  been  as 
follows  : 

The  engine,  the  generator,  the  transformer  to  reduce  the  pri- 
mary current  to  secondary  current  for  use  on  the  motor,  a  motor 
with  intermediate  shaft,  belting  and  pulleys  to  reduce  the  speed 
to  the  fans,  and  the  losses  in  intermediate  devices  would  more 
than  overcome  the  original  low  cost  of  power. 

In  this  connection  it  must  be  remembered  that  two-phase  A. 
C.  current  being  the  only  kind  available,  there  is  a  notable  dis- 
advantage in  the  induction  motor ;   that  is,  the    speed   is   not 
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subject  to  wide  variation,  and  any  special  means  of  external  regu- 
lation to  vary  the  speed  would  tend  to  reduce  tlie  efficiency.  It 
was,  therefore,  determined  to  direct  connect  with  the  shaft  of 
each  fan  a  vertical  engine  without  a  governor.  This  plan  has 
proven  to  be  exactly  what  is  required  in  practice,  and,  moreover, 
its  first  cost  was  only  one-fourth  of  the  cost  of  a  motor  equip- 


FiG.  50. 


ment,  with  lower  cost  of   operating  expenses   also  largely  in 
favor  of  the  engine  driving  feature. 

Under  varying  conditions  of  temperature,  the  speed  of  the 
fans  must  be  increased  or  decreased,  according  to  high  or  low 
atmospheric  temperatures.  In  winter  there  are  many  hours 
during  each  day  when  the  low  temperature  of  the  air  circulating 
through  the  cooling  tow^er  will  cool  the  water  for  a  partial  engine 
load  without  running  the  fans  at  all.  During  high  temperature 
in  summer  the  fans  must  be  run  at  maximum  speed. 
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The  following  table,  extracted  from  the  log  records  for  many 
months,  shows  details  as  to  temperatures,  speed  of  fans,  reduc- 
tion of  temperature  of  condenser  discharge,  etc. 

Tahle  of  extnicts  from  hxj-hool'  sliovmuj  temperatures^  vacuum^ 
speed  offans^  heat  extracted  through  cooling  tower ^  etc. : 


1898. 


Jan.  31.     Feb.     June20. 


Time 9  P.M. 

Temperature  atinospliere 30 ' 

''  condenser  discharge  water 

to  cooling  tower 110^ 

Tempeiature  injection  water  returned 

from  tower 65" 

Degrees  of  heat  extracted  by  tower...        45° 

Spt^ed  of  fans  at  tower,  K.  i'.  M 86 

Vacuum  at  condenser,  inches   .......      25.^ 

Strokes  of  air  ])urap i     80 

]5o  ler  pressure,  lbs j  110 

Temperature  boiler  feed 212° 


8  P.M. 

I    36° 
I 
110° 

84° 

26° 
0 

26 

80 
HO 
212° 


8  P.M. 

78° 
120° 

84° 

36° 
145 

25 

87 
120 
210° 


July.     Aug. 26.  Nov. 4. 


8  P.M. 
96° 

180° 

98° 

37° 

162 

24^ 

44" 

120 

211° 


8  P.M.    5.35 
85°        59° 


118° 

88° 

3o° 
150 

25i 

48 
120 
213° 


139° 

92" 

148 

25 

28 

112 

213° 


As  previous]}^  noted,  the  ISJ  by  30  Buckeye  engine  was 
changed  to  a  14^  and  25  by  30  tandem  compound  condensing 
engine  by  bolting  new  tandem  cylinders  on  the  existing  frame 
and  making  necessary  alterations  in  valve  rods,  etc. 

Specimen  cards  taken  from  this  Buckeye  engine  after  being 
compounded  are  shown  in  Fig.  51.  In  referring  to  these  cards 
please  note  the  following  data  : 

Revolutions,  137 ;  steam  pressure,  113  pounds  ;  mean  effective 
pressure,  50.16  pounds ;  vacuum  per  gauge,  26  inches ;  horse- 
power developed  in  high-pressure  cylinder,  163.42  ;  horse-jDower 
developed  in  low-pressure  cylinder,  168.48 — total,  331.9  horse- 
power, and  of  this  90.52  horse-power  is  below  atmospheric  line. 
It  will  be  noted  that  the  work  is  divided  almost  equally  between 
the  high-pressure  and  low-pressure  cylinders ;  all  cards  show 
similar  results. 

This  change  in  an  existing  engine  clearly  illustrates  the 
advantage  derived  from  the  condensing  system.  This  engine 
was  fitted  with  a  receiver  and  reheater  between  high  and  low- 
pressure  cylinders ;  several  tests  were  made,  and  representa- 
tive cards  were  analyzed  to  determine  whether  the  reheater 
was  of  value,  and  as  a  result  of  these  tests  w^e  found  that  the 
reheater  condensation  amounted  to  63  pounds  of  steam  for  each 
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horse-power  gained  in  the  low-pressure  cylinder.  We  therefore 
abandoned  it  as  an  expensive  luxury.  We  are  not  now  discuss- 
ing the  value  of  reheaters,  and  for  this  reason  I  simply  give  the 
facts  without  entering  into  details. 

In  addition  to  the  tandem  Buckeye  engine,  a  tandem  compound 
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Fig.  51. 


condensinc^  enc^ine,  20  and  36  bv  42  inches,  120  revolutions  per 
minute,  Corliss  type,  built  by  Pennsylvania  Iron  Works,  was 
installed  to  drive  a  direct  connected  Stanley  500  kilowatts  two- 
phase  A.  C.  generator.  This  engine  works  fifteen  to  seventeen 
hours  per  day.  Specimen  indicator  diagrams  are  shown  in  Figs. 
52  and  53,  which  clearly  indicate  the  advantage  of  the  condenser 
service. 

The  usual  Avork  required  from  the  cooling  tower  and  con- 
denser varies  from  7  to  17  hours  per  day.  A  notable  record  was 
made  on  August  2, 189S,  when  the  run  w^as  from  7  a.m.  till  12  mid- 
night; and  from  the  daily  records  the  following  data  are  extracted  : 
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Maxiiiuirn.  Minimum. 

Temperature  atmosphere 108  88 

Temperature  condenser  discharge  water  to  tower 128'  106^ 

Temperature    injection  watc^r  from  tower 98^  91" 

Degrees  of  heat  extracted,  by  tower 32"  21° 

Speed  of  fans,  revolutions  per  minute 160  140 

Vacuum  at  condenser,  inches 26  26 

Strokes  of  air  pump 50  88 

Boiler  pressure,  lbs 121  100 

Temperature  boiler  feed 212"  200° 

Engine  horse-power  developed 900  H.P.  400  H.P. 

A  continuous  heavy  load  was  carried  during  the  entire  17 
hours'  run.     This  was  not  a  test  record,  but  simply  daily  service. 

Fig.  53  shows  indicator  diagrams  taken  November  5,  1898, 
from  20  and  36  by  42  tandem  compound  condensing  Corliss 
engine.     The  conditions  were  as  follows  : 

Engine  revolutions  per  minute 120 

Steam  pressure,  lbs 112 

Vacuum  at  condenser,  inches 25 

The  area  of  the  cards  shows  the  work  done  in  high-pressure 

cylinder  to  be 311.8  H.P. 

And  in  low-pressure  cylinder 331.5  H.P. 

Total  L H.P 643.3  H.P. 

Work  done  in  low-pressure  cylinder  below  atmospheric  line, 
185.1  horse-power.  Simultaneously  with  the  engine,  the  air 
pump  and  fan  engines  were  indicated. 

The  work  done  by  the  air  pump 13.75  H.P. 

The  work  done  by  the  fan  engines 13.5    H.P. 

Total  external  work  27.25  H.P. 

The  amount  of  work,  if  deducted  from  the  work  done  below 
atmospheric  line  in  low-pressure  cylinder  (Z.^., 185.1  horse-power  , 
leaves  a  net  gain  of  157.85  horse-power  by  the  use  of  the  con- 
denser and  cooling  tower. 

It  will  be  noticed  from  the  previous  data  that  the  feed  water 
shows  a  temperature  above  200  degrees  Fahr. 

There  are  two  feed-water  heaters  in  connection  with  the  con- 
densing plant.  First,  an  intermediate  tubular  heater  in  the 
line  of  exhaust  between  low-pressure  cylinders  and  condenser. 
Second,  an  auxiliary  feed-water  heater  was  also  attached,  re- 
ceiving the  exhaust  from  the  condenser  and  boiler-feed  pumps 
and  any  other  auxiliaries. 
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CARDS  FROM 
20"x  36"x  42"  TANDEM  CORLISS. 


Fig.  53. 
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The  feed  water  is  first  heated  in  a  tank  that  receives  the  ex- 
haust from  the  genc^ral  line  of  lii^h-pressure  enj^ines.  The  feed 
water  tlien  passes  tlirou;^di  the  intermediate  heat(;r,  and  thence 
through  tlie  auxiliary  heater,  and  reaches  the  boiler  at  a  tem- 
perature upwards  of  200  degrees  Fahr. 


CARD     FROM 
7"x    9"  VERTICAL  FAN   ENGINE. 


.I.II.Vail 

Fig.  54. 


The  pressure  of  other  important  work  has  prevented  the 
writer  from  making  accurate  tests  to  determine  the  exact  econ- 
omy derived  from  the  condensing  plant,  and  while  awaiting  the 
opportunity  to  make  such  tests,  we  have  the  satisfaction  of 
havin^y  increased  the  station  capacity  about  1,000  horse-power 
with  the  aid  of  a  condensing  system,  using  the  same  water  in 
continuous  circulation,  and  also  that  the  boiler  plant,  previously 
stated  to  be  fully  loaded,  now  supplies  steam  for  this  additional 
work,  with  boilers  to  spare, 

DISCUSSION. 

Mr.  F.  Meriam  Wheeler. — The  subject  of  cooling  water  by 
mechanical  means  for  use  in  condensers  is  attracting  considerable 
attention  in  this  country  and  abroad.  I  regret  very  much  that 
Mr.  Yail  has  been  prevented  from  being  present,  as  no  doubt  some 
of  the  members  would  like  to  ask  him  questions.  He  writes  me 
that  pressure  of  time  prevented  him  from  making  his  paper  as 
complete  as  he  would  like  to  have  done  in  regard  to  the  details 
of  the  cooling  tower  and  pumping  plant.  He  also  says  in  his 
letter  :  "  It  may  be  of  interest  to  the  meeting  in  connection  with ' 
the  subject  of  my  paper  to  learn  that  a  few  days  ago  the  750 
horse-power  condensing  engine,  referred  to  therein,  was  operated 
at  half  load  for  four  or  five  hours,  at  which  time  the  fans  in  the 
cooling  tov\^er  were  not  in  operation — the  atmospheric  temperature 
being  from  38  to  40  degrees.  We  were  able  to  carry  a  vacuum 
on  the  condenser  of  26  inches.  The  heated  injection  water  was 
pumped  from  the  condenser  to  the  tower  at  a  temperature  of  116 
degrees,  and  after  passing  through  the  cooling  tower  was  reduced 
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to  a  temperature  of  90  degrees.  This  we  find  is  about  the  limit 
of  load  for  the  cooling  tower  when  the  fans  are  not  in  use.'' 

Now,  in  regard  to  the  Blake  air  pump  used  in  this  installation, 
and  shown  by  Fig.  50,  it  is  of  peculiar  construction — probably 
different  from  anything  of  the  kind  heretofore  used.  The  design 
is  quite  novel,  and  is  the  first  of  its  kind  installed  in  this  country. 
It  is  not  only  an  air  pump  in  connection  with  a  jet  condenser,  but 
is  also  a  water-elevating  pump — that  is  to  sa}^  it  elevates  the 
injection  water  (after  it  is  used  in  the  -condenser)  to  a  height  of 
about  58  feet ;  i.e.,  the  distance  from  where  the  condensing  appa- 
ratus is  located  to  the  top  of  the  cooling  tower.  To  use  an 
ordinary  air  pump  to  lift  to  such  a  height  would,  of  course,  vitiate 
the  vacuum  very  much,  owing  to  the  compression  of  the  vapors 
in  the  air  cylinders ;  furthermore,  it  would  be  a  very  expensive 
method  of  lifting  the  water.  I  never  recommend  an  air  pump  to 
have  more  than  6  feet  head  over  its  discharge  valves.  In  fact,  I 
would  prefer  not  to  have  more  than  6  inches — just  enough  for 
sealing  the  valves. 

The  problem  in  this  case  was  to  operate  an  air  pump  and  jet 
condenser  in  connection  with  a  Barnard  cooling  tower,  w^here  the 
water  had  to  be  pumped  to  a  height  of  58  feet,  without  vitiating 
the  vacuum,  and  yet  have  a  fairly  economical  method  of  lifting 
the  water  to  the  elevation  named.  This  problem  was  successfully 
solved  in  the  following  manner :  I  divided  the  pumping  engine 
into  two  elements,  *'.  ^.,  a  so-called  "wet  vacuum"  air  cylinder  and 
a  "  dry  vacuum  "  air  cylinder,  the  former  taking  solid  water  from 
the  bottom  of  the  condenser,  w^hile  the  latter  pumped  off  the  non- 
condensable  vapors  and  air  from  the  upper  part  of  the  condenser. 
The  vapors  and  air  as  they  pass  to  the  dry  vacuum  air  cylinder 
are  cooled  by  a  small  jet  of  cold  water  (not  shown  in  the  engrav- 
ing) sprayed  into  the  vapor  pipe.  I  originally  provided  a  f-incli 
water  connection  for  this  jet,  but  it  was  found  unnecessarily  large, 
and  was  replaced  by  a  f-inch  connection,  the  valve  of  which  was 
only  required  to  be  open  a  small  amount.  I  mention  this  to  show 
how  little  water  is  necessary  to  properly  cool  the  vapors,  the  tem- 
perature of  which  was  about  78  degrees  at  the  discharge. 

By  this  unique  arrangement  of  air  pump  w^e  can  hold  as  high  a 
vacuum  as  28  inches,  and  the  report  of  last  week's  running  shows 
an  average  of  2T-inch  vacuum.  The  arrangement  of  the  steam 
end,  it  will  be  noticed,  consists  of  two  steam  cylinders,  the  same  as 
used  in  the  regular  Blake  vertical  twin  air  pump  arrangement, 
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together  with  two  air  cylinders,  eacli  of  whicli  is  double-acting, 
to  which  the  jet  condenser  and  vapor  pipe  are  connected  as  above 
described.  It  is  surprising  to  note  how  much  air  comes  off  from 
an  air  pump — much  more  than  the  average  engineer  has  any  idea 
of.  One  of  the  troubles  with  engine  builders  and  others  is  that 
they  do  not  look  more  carefully  for  air  leaks.  Often  an  engineer 
will  insist  that  everything  is  tight,  while  it  is  afterwards  found  to 
be  the  very  opposite.  An  air  pump  of  this  kind  is  a  telltale,  as 
one  air  cylinder  is  employed  solely  to  pump  off  the  air  and  non- 
condensable  vapors. 

Mr.  Vail  explains  in  his  paper  why  the  tower  was  placed  at  such 
a  high  elevation.  Now,  if  the  cooling  tower  was  placed  on  the 
ground,  the  air  pump  would  have  had  to  lift  only  one-half  the 
height,  hence  the  indicated  horse-power  would  approximate  but 
half  of  what  is  shown. 

Mr.  Bockwood. — Do  I  understand  you,  Mr.  Wheeler,  to  say  that 
these  air  pumps  were  vertical  double-acting  air  pumps  ? 

Mr.  Wheeler. — Yes,  and  in  that  respect  they  are  somewhat 
unique.  Heretofore  it  has  been  generally  considered  impossible 
to  make  an  efficient  vertical  air  pump  of  the  double-acting  type, 
and  also  one  that  would  do  as  much  work  on  the  up  stroke  as  on 
the  down  stroke.  In  this  design  I  have  solved  that  problem 
quite  effectively. 

Mr.  Bockwood. — And  that  f-inch  stream  of  water,  was  it  all 
you  let  in  the  vapor  pipe  to  make  the  pump  work  satisfactorily  ? 

Mr.  Wheeler. — Yes.  I  am  sorry  to  say  that  I  have  no  knowl- 
edge as  to  the  actual  amount  of  water.  I  simply  repeat  it  was  a 
§-inch  valve  partially  opened,  say  about  three-fourths  of  a  turn. 
The  amount  of  water  used  was  certainly  very  small. 

The  "  wet  vacuum  "  cylinder  performs  no  other  service  than  tak- 
ing water  from  the  bottom  of  the  jet  condenser  and  forcing  it  to 
the  top  of  the  tower,  and  is  supposed  to  travel  full  of  water.  Of 
course,  if  they  allow  the  pump  to  run  at  a  greater  speed  than 
necessary,  the  piston  of  the  "  wet  vacuum  "  cylinder  will  leave 
the  water.  In  other  words,  the  cylinder  will  not  fill  completely, 
and  not  accomplish  what  was  intended.  It  will  be  noticed  that 
we  have  provided  our  safety  float  arrangement,  whicli  is  enclosed 
in  the  round  part  projecting  from  the  side  of  the  condenser.  This 
is  for  breaking  the  vacuum,  in  case  of  the  condenser  flooding, 
a  feature  which  we  apply  to  all  our  jet  condenser  air  pumps, 
whether  horizontal  or  vertical.     In  this  particular  case  it  inci- 
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dentally  becomes  a  very  good  regulator  for  the  speed  of  the  pump, 
as  the  instant  the  water  rises  in  the  condenser  above  a  certain 
height,  it  lifts  the  safety  float,  which,  in  turn,  opens  the  little  valve 
on  the  top  of  the  casting.  Of  course,  the  inflowing  air  makes  the 
vacuum  drop  off  a  little,  and  the  load  of  the  pump  becomes  less. 
The  decreased  load  causes  the  pump  to  start  off  at  a  higher  rate 
of  speed,  which  is  maintained  until  the  pump  increases  the 
vacuum,  and,  consequently,  the  load.  In  fact,  this  device  gives  a 
perfect  regulation  for  a  vacuum  pump  of  the  direct-actiug  type. 
The  steam,  of  course,  must  be  kept  at  a  steady  pressure.  The 
other  pump  cylinder,  which  we  call  the  "  dry  vacuum  "  cylinder, 
takes  the  air  and  vapors  from  the  top  of  the  condenser,  the  same 
being  cooled  on  the  way  by  a  small  jet  of  water.  This  cylinder  is 
also  double-acting,  and  discharges  into  a  tank,  the  air  passing  off, 
and  the  water  utilized  for  feed  or  other  purposes. 

Mr.  Jesse  M.  Smith. — "Where  is  that  small  jet  applied? 

Mr.  Wheeler. — Anywhere  on  the  vapor  pipe,  usually  neaj:er  the 
air  cylinder  than  the  condenser. 

Mr.  F.  A.  Halsey. — Why  not  take  that  jet  from  the  injection 
water  and  be  done  with  it  ? 

Mr.  Wheeler. — I  do  not  quite  understand  you.  The  injection 
water  is  sprayed  into  the  condenser  through  the  inside  adjustable 
cone,  then  falls  to  the  bottom  and  is  pumped  off  by  the  "wet 
vacuum  "  (water)  cylinder,  and  forced  direct  to  the  cooling  tower. 
The  non-condensable  vapors  and  the  air  are  taken  off  from  the 
top  of  condenser  by  the  "  dry  vacuum  "  (air)  cylinder  As  I  be- 
fore remarked,  the  air  in  the  vapor  pipe  is  cooled  by  the  small  jet 
of  cold  water,  hence  there  is  no  necessity  of  any  connection  with 
the  regular  injection  connection.  It  is  preferable  to  get  the  coolest 
water  possible.  In  fact,  the  cooling  jet  in  this  installation  is  taken 
from  the  city  main,  and  consequently  is  quite  cool,  whereas  the 
injection  water  coming  from  the  cooling  tower,  as  shown  by  Mr. 
Yail's  record,  is  from  80  to  90  degrees  temperature.  I  hope  I 
have  made  this  matter  perfectly  plain. 

Mr.  Williain  Kent. — Wouldn't  it  be  just  as  well  to  use  the  90- 
degree  water  in  this  secondary  (vapor)  pipe,  for  the  reason  that 
the  vacuum  is  limited  by  the  temperature  of  the  water  in  the  water 
cylinder — that  you  cannot  get  any  more  vacuum  ? 

Mr.  Wheeler. — It  is  very  natural  they  should  desire  to  use 
as  little  water  as  possible  in  the  vapor  pipe,  hence  taking  it  from 
the  coolest  source   available.     About  twelve  years  ago  I  made 
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some  very  iiitGi-esiiii<2j  tests  in  coniioctioii  with  my  surface  con- 
denser, and  I  found  that  if  I  separated  tlie  vapors  from  the  con- 
densed steam  and  cooled  them  down  to  a  low  point,  I  secured  a 
better  vacuum  than  is  usually  obtained  under  ordinary  practice. 

J/r.  Kent. — It  seems  to  me,  in  the  jet  condenser  chamber,  if* 
you  had  the  water  coming  in  at  1)0  degrees,  and  going  out  at  130 
or  140  degrees,  that  you  cannot  get  any  higher  vacuum  than  that 
due  to  the  temperature  of  the  outflowing  water,  no  matter  how 
much  you  cool  the  vapors  afterwards. 

Mr.  Wheeler. — You  are  quite  right,  but  in  practice  air  pumps 
and  condensers,  as  usually  constructed,  rarely  give  a  vacuum  due 
to  the  temperature  of  the  discharge  water.  Referring  to  last 
week's  log,  just  received  from  the  electric  light  plant  Mr.  Vail 
refers  to,  I  notice  that  at  7  p.m.  on  November  21st  the  vacuum 
was  21\  inches,  while  the  temperature  of  the  water  discharged 
by  the  "  wet  vacuum  "  cylinder  of  the  j^ump  was  110  degrees. 

I  also  understand  the  temperature  of  the  air  discharged  by  the 
"  dry  vacuum  "  cylinder  was  about  75  degrees.  The  temperature 
of  the  injection  water  was  80  degrees,  and  the  temperature  of  the 
outside  atmosphere  49  degrees. 

Now  please  note  that  the  temperature  of  the  discharge  water 
was  moderate  enough  to  hold  the  high  vacuum  recorded,  in  fact 
was  close  to  ideal  conditions. 

Mr.  Kent. — A  temperature  of  1!I0  degrees  w^ould  hold  that  any- 
way. If  you  cooled  that  vapor  down  to  40  or  50  degrees  it  would 
not  have  helped  things. 

Mr.  Wheeler. — No.  It  would  not,  but  please  keep  in  mind  the 
fact  that  in  practice  rarely,  if  ever,  are  perfect  results  secured. 
As  you  know,  pumps  and  condensers,  as  ordinarily  used,  average 
about  25  inches  of  vacuum.  Theoretically  this  vacuum  means  a 
temperature  of  about  134  degrees  for  the  discharge  water.  As  a 
rule  the  average  temperature  in  a  hot  well  is  about  110  degrees 
— quite  a  difference.  Now,  where  we  can  separate  the  air  from 
the  water  we  make  the  latter  more  efficient.  In  the  so-called  dry 
vacuum  leg  pipe  condensers,  commonly  used  in  connection  with 
vacuum  pans  (whether  on  the  parallel  or  countercurrent  system), 
the  air  is  cooled  and  ]uimped  off  by  a  separate  pump,  and  by  so 
doing  they  almost  secure  ideal  results.  Of  course,  the  higher  the 
temperature  of  the  discharge  water  for  a  given  vacuum,  the  smaller 
the  amount  of  water  used.  As  you  can  readily  appreciate,  with 
the  cooling  tower  system  it  is  very  important  to  handle  as  little 
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water  as  possible.  The  design  of  the  particular  air  pump  used 
by  Mr.  Tail  was  to  meet  the  demand  for  a  compact  and  economi- 
cal pumping  plant  that  would  lift  the  condensing  water  to  a  high 
elevation  and  ret  maintain  a  first-class  vacuum. 

J/r.  Bde. — Why  not  make  a  connection  from  the  float  in  the 
condenser  to  the  steam  throttle  valve  of  the  air  pump,  so  as  to 
control  the  speed  and  run  faster  when  necessaiy.  without  break- 
ing]: tlie  vacuum. 

Mr.  Wheeler.—  Yes.  That  arrangement  I  think  would  work 
veiy  well,  but  the  arrangement  we  have  is  simpler.  The  verv 
minute  the  little  valve  is  opened  by  the  float,  the  vacuum  is  re- 
duced, and  the  pump  speeds  up  to  cany  ofi'  the  water.  The 
pump  is  therefore  made  self-regulating. 

Mr.  Rochwood. — What  happens  to  the  lifting  pump  when  it 
pumps  the  condenser  dry  ? 

J/r.  ^^he€ler. — When  it  pumps  tlie  condenser  dry,  it  would  lose 
its  speed  more  or  less. 

Mr.  Hocl'U'ood. — I  did  not  mean  actually  diy.  I  mean  so  that 
it  is  not  taking  a  full  cylinder  of  water  eveiy  stroke. 

Mr.  Wheeler. — It  would  then  act  like  any  direct-acting  air 
pump. 

Mr.  Bockicood. — Won't  it  slam  ? 

Mr.  Wheeler. — Yes,  and  it  would  act  in  that  manner.  That  is 
why  we  have  the  regulating  device  described,  and  it  keeps  the 
cylinder  full  of  water.  Otherwise  it  would  slam  the  same  as  anv 
pump  with  its  suction  pipe  throttled  so  that  it  did  not  get  a  full 
supply  of  water. 

Mr.  JcS'^e  H.  Smith. — Why  did  they  use  a  jet  condenser  instead 
of  a  surface  condenser  in  this  installation? 

Mr.  Wheeler. — It  is  quite  natural  you  should  ask  that  question. 
for  had  the  surface  condenser  system  been  used,  they  would  have 
had  the  advantage  of  the  down  column  of  water  to  balance  the 
up  column,  and  therefore  they  would  only  have  a  load  due  to  the 
friction  in  the  water  pipes,  and  the  condenser  tubes,  plus  the  head 
due  to  the  height  of  the  cooling  tower  itself,  which  latter  is  usu- 
ally about  35  feet.  In  otlier  words,  instead  of  having  it  pump 
against  a  head  of  08  feet  plus  friction  in  the  water  pipes,  their 
load  would  have  only  been  equal  to  a  head  of  35  feet  plus  the 
friction  in  the  water  pipes  and  the  tubes  of  surface  condenser — 
quite  a  difterence.  I  imagine  the  reason  for  not  using  the  sur- 
face system  in  this   case  was  the  fact  that  they  could  not  go  to 
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tho  necessary  expense  on  {iccount  of  a  limited  appro|)riation. 
In  the  arrangement  of  the  air  pump  and  condenser  described  I 
did  my  best  to  solve  tlie  problem  of  lifting  the  water  Avith  one 
and  the  same  pumping  machine,  with  the  least  cost  of  power  and 
without  vitiating  tho  vacuum. 

Mr.  Smitli. — Then  in  your  practice  you  prefer  the  surface  con- 
denser for  cooling  towers  ? 

Mr.  Wheeler. — Every  time — it  is  an  ideal  plant  for  this  kind  of 
work.  There  are  two  installations  of  this  type  at  the  Edison 
Company's  Twelfth  Street  station  in  this  city,  where  the  cool- 
ing towers  are  placed  on  the  top  of  the  building,  and  although  the 
elevation  is  very  high  (the  pumps  and  the  surface  condensers 
being  in  the  basement),  the  power  required  to  elevate  the  water 
is  very  little.  Large  pipes  were  used  for  both  the  up  and  down 
columns,  reducing  friction  to  a  minimum. 

Mr.  Kent. — What  would  Mr.  Wheeler  think  about  the  oil  from 
the  engine  in  connection  with  surface  condensers  ? 

Mr.  Wheeler. — That  is  where  the  surface  has  the  advantage 
over  the  jet  in  this  cooling  tower  system,  as  you  can  do  what  you 
like  with  the  water  of  condensation.  You  can  go  to  the  trouble 
of  filtering  this  water  for  feeding  to  the  boilers,  or  you  can  utilize 
it  by  allowing  it  to  go  to  the  cooling  tower  for  condensing  pur- 
poses, or,  if  desired,  this  condensed  steam  can  be  allowed  to  go 
to  waste. 

3lr.  Kent. — It  costs  more  for  water,  though,  if  you  let  it  go  to 
waste.  * 

3fr.  WJieeler. — Of  course,  that  stands  to  reason.  In  this  cool- 
ing tower  system,  as  you  perhaps  know,  the  evaporation  going  on 
in  the  cooling  tower  is  less  than  the  amount  of  water  fed  to  the 
boilers,  so  there  is  always  a  surplus  to  overflow. 

Mr.  Kent. — Some  years  ago  we  discussed  the  question  of  feed- 
water  filters,  and  came  to  the  conclusion  that  there  were  no  good 
ones.     Can  you  say  whether  there  are  now  any  satisfactory  filters  ? 

Mr.  Wlieeler. — I  can  answer  that  by  saying  :  If  parties  will  go 
to  the  expense  of  putting  in  a  proper  filtering  plant  there  is  no 
trouble  at  all  about  satisfactorily  filtering  feed  water  from  surface 
condensers.  There  is  a  large  electric  light  and  power  plant  in 
Chicago  where  they  have  been  using  feed  water  from  surface  con- 
densers for  over  six  years,  and  have  had  no  trouble  whatever  with 
their  boilers ;  they  were  willing,  however,  to  invest  enough  to  pro- 
vide filters  amply  large  and  properly  constructed. 
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Mr.  Smith. — What  kind  of  filters  did  tliej  use  ? 

3fr.  Wheeler. — They  are  of  the  quartz  or  gravel  system.  True 
they  are  quite  elaborate  and  require  considerable  room,  but  they 
get  the  desired  result  and  save  large  water  bills.  The  trouble 
with  most  installations  of  filters  in  this  country,  at  least  in  sta- 
tionary engine  practice,  is  that  they  have  not  been  willing  to 
provide  filters  of  suitable  size  and  construction,  and  the  attend- 
ants have  not  given  the  proper  care  and  attention. 

Mr.  Kent. — Have  you  had  any  experience  with  the  Turkish 
towel  system  of  filters  ? 

Mr.  Wheeler. — Yes. 

Mr.  Kent. — Is  it  good  ? 

Mr.  Wheeler. — This  system  is  more  adapted  for  marine  service, 
where  room  is  limited,  and  it  needs  considerable  attention.  Such 
filters  require  to  be  cleansed  every  day.  There  are  several  filters 
in  the  market  of  this  kind,  and  they  are  nothing  more  or  less  than 
strainers  of  cloth,  or  other  fibrous  material.  They  are  usually 
arranged  for  a  reverse  current  of  steam  for  cleaning  them.  The 
White  Star  boats,  in  fact  most  of  the  transatlantic  steamers,  are 
provided  with  such  filters.  Sometimes  they  first  take  the  feed 
water  through  filter  tanks  having  coke,  sponges,  salt,  hay,  "  ex- 
celsior," or  something  of  that  kind,  after  which  the  feed  water  is 
passed  through  one  of  these  towel  filters.  The  Edmondston  filter 
is  probably  the  most  successful  abroad.  In  this  country  the  use 
of  filters  for  stationary  engine  practice  has  been  so  far  rather  dis- 
appointing. The  average  stationary  engineer  now  being  familiar 
with  the  use  of  feed-water  filters,  has  not  done  them  justice,  and 
then  again  such  filters  that  were  installed  of  the  Edmondston 
type  were  too  small  for  stationary  use.  That  is  to  say,  for  the 
same  horse-power  the  filter  for  stationary  use  ought  to  be  larger, 
and  then  it  requires  less  attention.  In  order  to  use  condensed 
steam  from  surface  condensers,  you  must  first  have  a  good- 
sized  filter,  properly  constructed  and  fitted.  Even  then  do  not 
try  to  save  all  your  feed  water.  Be  satisfied  with  saving,  say, 
three-fourths  of  it ;  then  clean  your  boilers  at  least  once  a  week, 
filling  up  with  fresh  water  each  time,  and  when  starting  up  a  new 
plant  do  not  try  to  use  your  feed  water  from  condenser — ^just  wait 
a  few  weeks.  When  an  engine  is  first  started  up,  we  all  know 
that  oil  is  used  very  liberally,  especially  if  it  carries  heavy  loads 
in  the  beginning.  This  excess  of  oil  chokes  the  filters;  trouble 
with  the  boilers  immediately  ensues,  and  the  system  is  promptly 
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(but  iiujuatly)  condemned.  Now,  if  there  was  n  little  intelligent 
care  at  the  start  not  to  use  the  water  from  the  filters  until  the 
cylinder  and  valve  surfaces  of  the  engine  were  in  good  condition, 
then  all  would  go  well.  After  that,  it  should  be  looked  to  that  a 
minimum  amount  of  oil  is  used.  Engineers,  as  a  rule,  use  more 
oil  than  they  need  to,  and  as  to  quality — the  oil  is  frequently  not 
fit  to  be  used  in  an  engine.  If  it  were  possible  to  use  no  oil  at  all, 
then  we  would  have  an  ideal  arrangemeiit.  By  the  way,  I  under- 
stand that  there  are  many  cases  now  where,  in  marine  practice, 
no  cylinder  oil  whatever  is  used — of  course  in  such  cases  the 
engines  are  vertical.  The  auxiliary  engines  on  many  of  the  war 
vessels  are  also  run  without  oil,  and  we  are  now  building  vertical 
steam  pumps  for  torpedo  boat  practice,  to  run  without  oil — the 
same  as  Avitli  the  main  engines.  Wliere  room  is  so  very  crowded, 
as  in  the  case  of  a  torpedo  boat,  it  is  a  great  thing  to  be  able 
to  do  away  with  feed-water  filters. 
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THE  THEORY  OF  THE  MOMENT  OF  INERTIA, 

BY   C.    V.    KEKR,    CHICAGO,   ILL. 

(Member  of  the  Society.) 

Four  years  ago  tlie  writer  presented  to  the  Society  a  paper 
with  this  title. t  Further  consideration  of  the  idea  involved  has 
furnished  material  for  a  more  complete  and  useful  expression 
of  it.     To  offer  that  is  the  purpose  of  the  present  paper. 

To  avoid  reference  that  may  be  inconvenient,  the  fundamental 
notions  underlying  this  particular  theory  will  be  briefly  re- 
stated here.  Considering  force  as  an  action  between  two  bodies 
tending  to  cause  change  in  their  relative  rest  or  motion,  assume 
the  unit  to  be  that  force  which,  acting  for  one  second  on  the 
unit  quantity  of  matter,  the  standard  pound,  imparts  to  it  a 
velocity  of  one  foot  per  second.  Since  the  attraction  of  gravity 
would  in  the  same  time  impart  to  the  standard  pound  a  velocity 
of  g  feet  per  second,  it  will  equal  g  units  of  force.     The  unit 

force  is,  therefore,  equivalent  to  a  pull  or  push  of  ~  =  -^^^  = 

i  ounce,  nearly.      The  unit   thus  defined   has  been    called   the 

"  poundal,"  and  corresponds  to  the  "  dyne  "  of  the  metric  system, 

which,  acting  for  one  second  on  a  gram  of  matter,  imparts  to  it  a 

velocity  of  one  centimetre  per  second. 

To  impart  unit  velocity  to  w  pounds  will  require  to  poundals 

w 
=  —  =  m  pounds.     Mass,   therefore,  is  the  measure  of  the  pull 

or  push  in  pounds  required  to  impart  unit  velocity  in  one 
second  to  lu  pounds  of  matter.  To  impart  to  this  body  in 
one  second  a  velocity  of  v  feet  per  second  would  require  a  pull 

or  push  of  —  V  —  mv  pounds.     Momentum,  then,  is  a  measure 

of  the  force  required  to  impart  to  w  pounds  a  velocity  of  v  feet 

*  Presented  at  the  New  York  meeting  (November,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Voh^me  XX.  of  the  Transactions. 
f  '•  On  the  Theory  of  the  Moment  of  Inertia,"  yol.  xvi.,  p.  477.  No.  62i). 
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per  second  in  unit  time.  Since  a  moving  body  coming  to  rnst 
under  tlio  action  of  a  constant  force  passes  over  a  space  equal  to 
one-half  its  initial  velocity,  the  work  done  on  it  by  the  retarding 
force  will  hQ  force  x  space  —  mv  x  }^v  =  \  mv^j  the  expression  for 
the  kinetic  energy  of  the  moving  body  measured  in  foot-pounds. 

Inertia  is  a  property  of  matter  enabling  it  to  resist  a  change 
of  condition  as  to  rest  or  motion.  In  case  a  moving  body 
imparts  motion  to  a  body  at  rest,  inertia  supplies  both  the 
acting  and  the  resisting  forces — the  action  and  the  reaction^ 
always  equal  and  opposite.  And  like  energy ^  or  capacity  for 
work,  which  is  indefinite  until  measured  in  foot-pounds  by  force 
through  space,  inertia  is  not  a  fixed  quantity,  but  varies  with 
the  amount  of  matter  and  the  gain  or  loss  of  velocity  per 
second.     If  omentum  is  the  measure  of  the  inertia  developed. 


o? 


-1— H 


w 
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Fig.  55. 


To  avoid  an  oversight  made  by  some  readers  of  the  former 
paper,  v  will  represent  linear  velocity  in  feet  per  second ;  a,  the 
linear  acceleration  or  change  in  linear  velocity  per  second ;  gj, 
the  angular  velocity  of  a  revolving  body  measured  in  feet  per 
second  on  an  arc  of  one  foot  radius  ;  a,  the  angular  acceleration 
or  change  in  angular  velocity  per  second.  Now,  a  may  be  equal 
to,  greater,  or  less  than  v;  and  similar  relations  may  exist 
between  a  and  c^.     Finally,  a=  a  r  and  v  =  gd  r. 

The  moment  of  a  force,  F,  in  Fig.  55,  at  the  end  of  a  lever  arm, 
r,  is  measured  by  the  product  F .  r,  expressed  numerically  as 
inch-pounds  or  foot-pounds.  Consider  a  quantity  of  matter,  w, 
concentrated  at  the  distance  r  from  an  axis  at  o,  whose  velocity 
of  V  feet  per  second  is  to  be  destroyed  in  one  second.  Then 
its  momentum,  mv,  will  be  the  reaction  to  the  force  F,  and  its 
moment  about  o  will  be  mv  .  r,  which  is  equivalent  to  placing 
a  single  force,  F  —  mv .  r,  at  unit  distance  from  o.    Hence  we  may 
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say  that  tlie  moment  of  inertia  of  the  body  w  is  equivalent  to 
a  force,  mv\  acting  at  a  given  distance,  /',  from  a  centre,  o  ;  and 
that  it  is  expressed  in  inch-pounds  or  foot-pounds  as  convenient, 
which  may  consequently  be  simply  added  or  subtracted.  Here 
the  change  of  velocity,  or  acceleration,  \^  v  =  odt  feet  per  second, 
and  may  be  replaced  hj  a  =  a  r,  which  represents  an  accelera- 
tion of  any  magnitude,  and  will  hereafter  be  used. 

If  a  body  of  any  form  be  given  a  rectilinear  acceleration,  each 
one  of  an  indefinite  number  of  parallel  forces,  elfin  Fig.  bQ,  acting 
on  a  particle  of  matter,  dm,  will  have  a  moment  about  an  axis,  o, 
of  df-  X  =  dm  a  x,  and  the  distance  from  the  axis  to  the  result- 
ant of  accelerating  forces  will  be 


fdw.  a  X 
F  —  fdmj  a 


(1) 


C.V.Ken 


This  point  may  with  propriety  be  called  the  ''  centre  of  mass  " 
when  considered  in  connection  with  mass  and  acceleration.  It 
will  in  general  coincide  with  the  centre  of  gravity,  with  the  dif- 
ference that  for  a  given  position  of  the  body  the  resultant,  TF", 
of  the  gravity  forces  must  act  in  one  direction,  while  the  result- 
ant, F,  of  accelerating  forces  may  have  any  direction.  For  con- 
venience, however,  and  to  conform  to  custom,  an  axis  through 
this  centre  of  mass  will  be  called  a  "  gravity  axis." 

Before  considering  the  moment  of  inertia  in  its  more  general 
form,  it  will  be  of  interest  briefly  to  discuss  the  rotation  of  a  body 
about  a  free  axis.  If  we  assume  a  body  of  any  form,  as  in  Fig.  57, 
to  be  rotating  about  a  free  axis  at  o,  then  any  small  portion  will 
be  acted  on  by  two  forces  :  first,  the  accelerating  force,  F,  which, 
if  directly  applied  as  represented,  will  be  balanced  by  the  inertia 
force,  i^i,  and  hence  will  not  produce  a  reaction  at  tbe  axis  o ; 
and,  second,  the  centrifugal  force,  C,  acting  radially  and  balanced 
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by  the  contripotiil  force,  CV  or  resistance  of  tbe  axis.  Its  value 
is  measured  by  nt  <u-  r,  tlie  usual  expression  for  centrifugal  force. 
Now,  a  tree  axis  is  not  supposed  to  be  held  or  su})i)orted  in  any 
way,  so  that,  if  the  axis  o  is  to  lemain  in  one  position  while  the 
body  rotates  about  it,  the  algebraic  sum  of  the  forces  m  (.r  r  must 
be  zero  ;  or,  in  other  words,  the  centrifugal  force  of  each  particle 
must  be  l)alanced  by  an  equal  and  opposite  force  on  the  other 
side  of  the  axis.  The  axis  should,  therefore,  })ass  through  the 
centre  of  gravity  of  the  body  ;  and  for  the  greatest  stability  of 
rotation  the  direction  of  the  axis  should  be  such  that  the  arith- 
metical sum  of  centrifugal  forces  is  a  maximum.  The  reason  is, 
that  each  particle  under  the  action  of  centrifugal  force  seeks  the 


V.-'-'A 
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Ftg.  57. 


Fig.  58. 


farthest  possible  position  from  the  axis.  This  corresponds  to 
the  condition  that  the  most  stable  position  for  a  body  supported 
at  rest  is  that  for  which  the  centre  of  gravity  is  lowest. 

If  a  body.  A',  be  revolved  about  an  axis,  o,  as  in  Fig.  58,  through 
the  positions  1,  2,  8,  4,  1,  it  will  take  in  succession  during  a  revo- 
lution all  possible  positions  relative  to  the  axis  in  the  initial 
position ;  in  fact,  a  revolution  in  the  same  time  and  direction, 
and  with  the  same  changes  in  angular  velocity  about  a  gravity 
axis  parallel  to  the  axis  at  o,  will  be  made.  If  the  body  is  not 
constrained  to  rotate  about  the  gravity  axis,  it  will  remain  par- 
allel to  the  original  position  while  revolving  about  o. 

To  ascertain  the  forces  required  to  accelerate  a  body  of  any 
form  about  an  axis,  o,  as  in  Fig.  59,  and  the  moments  of  these 
forces,  consider  first  the  couple,  d/g,  required  to  rotate  about  its 
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centre  of  gravity  each  elementary  mass  contained  between  two 
planes  parallel  to  tlie  axis  o  and  separated  by  an  infinitesimal 
distance.  The  resnltant  of  these  couples,  7^^^,  will  rotate  the 
body  as  a  whole  about  its  centre  of  gravity.  And  second,  the 
force  dfo,  applied  directly  at  the  centre  of  the  elementary  mass, 
produces  the  acceleration  about  the  axis  o.  The  resultant,  Fo, 
acts  at  the  centre  of  mass  of  the  body.  The  moments  of  these 
forces  will  be  dfg-y  for  the  elementary  mass,  or  Fg-R  for  the 
whole  body ;  and  dfo  {D  —  x)  for  the  elementary  mass  about  o, 
or  Fol)  for  the  whole  mass. 

In  more  distinctly  mathematical  language,  let  D  be  the  dis- 
tance from  the  axis  o  to  the  centre  of  gravity  of  the  body,  x  the 
distance  from  the  centre  of  gravity  to  the  elementary  mass,  y 


df      dt 


C.V.Kerr 


the  arm  of  the  elementary  couple,  F  the  total  accelerating  force, 
and  /  the  total  amount  of  inertia  of  the   body.      Then,   F  = 


dfg  +     clfo  =  2     dm  ay  -\-  \  dm  or  (i) _+  ic)  =  2  dm  ay  +  2\ dm  a 


X 


-f 


dm  a  D  = 


31  a  y  +  31  a  X  -^  Jf  a  D, 


(2) 


in  which  y  and  x  are  the  distances  from  the  gravity  axis  to  the 
centres  of  gravity  of  the  body  if  the  whole  mass  were  first  pro- 
jected on  the  vertical  and  horizontal  planes  through  the  gravity 
axis  aud  then  revolved  to  the  positions  G  Y  and  GX,  as  shown  in 
Fig.  60.    But  May  and  Max  represent  two  forces  at  right  angles 
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to  eacli  other  which  may  be  replaced  by  their  resultant,  Afali, 

where  J)i  —  a/x   +  yl     Moreover,  Ma  Ji  is  the  minimum  force 

to  produce  the  required  acceleration  about  the  gravity  axis, 
wliile  M  a  1)  is  the  force  required  to  accelerate  the  whole  mass 
about  o  if  concentrated  at  the  centre  of  gravity,  G,  Hence, 
equation  (2j  may  be  written  : 

F=  F(j  +  Fo^  Ma  R  +  MaD     ...     (3) 


C.V.Kerr 


Fig.  60. 


Now  the  moments  of  the  accelerating  forces  will  be  /  = 
^fg  '  y  +  dfo  (^  ±.  ^)  =  <^^  ^  2/^  +  dm  a  IP  j^2  dm  a  Dx  + 
dm.ax^  —   dm  a\f"  ^ 


dm,  a  x^  + 


dm  a  D^,  the  term  jf  2  dm  a  D 


dropping  out,  as  it  represents  two  equal  and  opposite  moments. 
If  D  —  Oy  so  that  the  axis  at  o  coincides  with  the  gravity  axis, 
then 


in  which  the  term 


dm  a  'if  +     dm  ax^  —  Ig,  , 


(4) 


dm  a  y^  measures  the  moment  of  the  forces 
rotating  about  the  gravity  axis,  the  whole  mass  considered  pro- 
jected on  a  vertical  plane,  while     dm  a  x'  is  the  corresponding 

moment  for  the  whole  mass  projected  on  a  horizontal  plane. 
The  general  equation  of  moments  about  an  axis,  o,  may  then  be 
written  : 


/- 


dm  a  y^  -^  \  dm  a  x^  -\- 


dmaD^^Icj  ^  Ma  jy      (5) 
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If  the  total  moment  of  iuertia  be  divided  by  the  total  acceler- 
ating force,  the  result  is  the  arm,  «/,  of  a  single  force  having  the 
same  moment ;  that  is, 

I        Irj-^MaD' 

~  F~  Fg  +  MaD ^^ 

It  has  been  shown  that  the  moment  of  inertia  of  a  body  may 

be  measured  by  a  single  force,  /,  placed  at  unit  distance  from 

the  axis  ;  and,  since  a  body  vrith  angular  velocity,  &?,  will  move 

over  a  space  \oo  in  coming  to  rest  in  one  second  under  the  action 

of  a  constant  force,  the  work  done  in  stopping  the  rotating  body 

is  measured  by 

E=\ojI, (7) 

in  which  E  is  the  kinetic  energy  in  foot-pounds  of  the  rotating 
body. 

Again,  since  the  moment  of  inertia  is  measured  by  a  single 
force  at  unit  distance  from  the  axis,  there  is  evidently  a  distance 
at  which,  if  all  the  mass  were  concentrated  in  a  single  material 
point,  the  moment  of  inertia  would  be  the  same.  If  K  be  such 
a  distance,  then  the  accelerating  force  would  be  F  =  M  a  K, 
and  its  moment  would  hQ  I—21aK  .K.  So  that,  from  equa- 
tion ('5\ 

1=  Ig  +  MaD^  =  31  a  K\    ,    ,     .    ,     (8) 

the  value  of  ^  may  be  obtained.  This  distance  is  usually  called 
the  "radius  of  gyration."  For  the  particular  case  when  the 
axis  passes  through  the  centre  of  gravity,  D  =  o  and  J/  a  K^ 
=  Ig,     This  value  of  K  will  be  known  as  k  ;  that  is, 

Ig  =  MaB (9) 

A  simple  pendulum,  is  by  definition  a  single  heavy  particle  vi- 
brating at  the  end  of  a  suspending  cord  without  weight.  Such 
a  pendulum  of  weight,  TF,  is  represented  in  Fig.  61.  The  compo- 
nent of  gravity  producing  acceleration  about  tlie  axis  o  is  IF 
sin  0,  which  is  balanced  by  the  inertia  force,  Jf  cv  s.  For  a 
small  arc  of  vibration,  the  time  of  oscillation  of  a  simple  pendu- 
lum is  found  to  be 
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where  f  is  the  time  in  seconds   required  for  the  pendulum  to 
swing  from  one  extreme  position  to  the  other. 

In  distinction  from  tliis  form,  a  compound  pendulum  may  be 
any  rigid  body  arranged  to  osciHate  freely  about  a  liorizontal 
axis,  as  o  in  Fig.  ()'2.  The  sum  of  tlie  gravity  forces  accelerating 
the  individual  particles  of  tlie  distributed  mass  will  be  W  sin  0 
acting  at  the  centime  of  gravity,  G.  Now,  this  force  produces  the 
rotation  of  the  body  about  the  gravity  axis  as  well  as  about  the 
axis  of  suspension,  o.  Its  moment  about  that  axis  must,  there- 
fore, be  equal  to  the  moment  of  inertia  of  the  body  ;  or,  W  sin 
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Fig.  G1. 


Fig.  62. 


6  '  D  =  Ig  +Ma  D^.  For  the  simple  pendulum,  where  s  =  D, 
Wsi7i  6  =  31  as ;  and, multiplying  by  D,  W sin  6  -  D  —  21  as  -  D, 
Therefore, 

Wsin  d'JD^  Mas'D  =  Ig  +  Ma  D\   .     .     (11) 

from  which 

Ig  +  MaD"      MaB  +  MaD'      ¥  ^  B" 


s  = 


MaD 


31  a  D 


D 


(12) 


This  is  the  length  in  feet  of  a  simple  pendulum  that  will  oscil- 
late in  the  same  time  as  the  given  compound  pendulum  ;  and 
this  length  is  not  dependent  on  mass  or  acceleration,  but  simply 
on  form  and  the  distance  between  axes.  It  is  of  interest  to  note 
here  the  limits  of  s  under  variation  of  D.     Making  s  a  function 
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of  D  in  tlie  first  and  last  niembors  of  equation  (12),  and  difier- 
entiating  for  a  maximum, 

ds  2i>'  -  {¥  +  i>2) 


=  0 


dD  L 


9 


fi'om  whick  D  =  Jc^  and  therefore 

s  =  2k (13) 

If  D  be  made  to  increase,   -^  =  o,  finally,  and  s  =  cc ,   or  the 

"  centre  of  oscillation "   coincides   with  the   centre  of  gravity. 

If  D  be   made  to  decrease  from   D  —  I',   tlie   result  is  finally 

k^  -\-  0 

s  = :=  GO .     The  correspondinor  limits  to  the  time  of  oscil- 

o  ^ 

/~s  /''Ik 

lation  will  be  for  the  minimum,  t  =  n  A/  -  =  n  A  /  —  -  and  for 

_  y  9      y  y 

the  maximum,  t—  "^  y  ~q  —  oo  .      Further,  from   equations  (8) 
and  (11),  Ma  K^  =  Ig  ^  21  a D'^  =  21  as-D,  from  Avhich 


Ji=  \/s.D       (11) 

In  other  words,  the  radius  of  gyration  is  a  mean  proportional 
between  the  length  of  the  simple  pendulum  and  the  distance 
from  the  axis  of  suspension  to  the  centre  of  gravity. 

There  is  a  point  in  a  moving  body  at  which  a  single  force 
acting  in  the  direction  of  motion  may  be  applied  to  stop  the 
body  without  shock  on  the  axis,  or  a  tendency  to  disturb  the 
rotation.  This  point  is  called  the  "  centre  of  percussion." 
Now,  the  force  required  to  stop  a  body  having  a  simple  motion 
of  translation  will  be  F  —  2Ia,  applied  at  the  centre  of  mass. 
If  the  body  be  revolving  about  an  axis,  the  corresponding  force 
F  =  21  a  D  applied  at  the  centre  of  mass  will  not  answer,  because 
it  does  not  affect  the  rotation  about  that  centre  of  mass.  The 
angular  acceleration  and  velocity  are  the  same  for  a  revolving 
body  about  the  gravity  axis  as  about  the  axis  of  revolution. 
Hence  the  force  must  be  of  such  a  magnitude  and  so  placed  as 
to  destroy  the  two  components  of  the  motion  of  revolution  at 
the  same  time.  Thus  in  Fig.  63  is  represented  a  body  of  any 
form  revolving  about  an  axis,  o,  which  may  be  replaced  by  the 
force,  Fo,  producing  rotation  about  o  of  the  mass  considered  as 
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concentrated  at  the  centre  of  gravity,  G,  and  by  tlie  couple,  Fg, 
])roducing  rotation  of  the  distributed  mass  about  tlie  gravity 
axis.  So  far  as  the  force  Fo  —  i\f  iv  I)  is  concerned,  it  may  be 
balanced  by  an  equal  and  opposite  force,  the  inertia  of  the  mass 
concentrated  at  G ;  but  the  couple  Ff/  can  theoretically  be  bal- 
anced only  by  another  couple  of  equal  moment — not  necessarily 
of  equal  force  and  lever  arm.  However,  by  putting  in  a  force, 
Fo\  equal  and  opposite  to  the  single  force,  /b,  with  a  suitable 
arm,  j>,  a  couple  may  be  formed  equal  to  Fg.  This  latter  couple 
is  of  such  magnitude  as  to  produce  an  angular  acceleration 
about  the  gravity  axis  exactly  equal  to  the  acceleration  about 
the  axis  o  effected  by  Fo.     Since  couples  of  equal  moment  will 


Fig.  63. 


do  the  same  work,  the  value  of  the   lever  arm,  p,  will  be  deter- 
mined by  the  equation  of  moments  Fo'  -p  =  Fg  •  h,  from  which 

Fg-h  _     Ig_    _2LaTc  ^  ¥ 
Fo'    ~  J\faF)~  MaB~  I)    '      ' 


p  = 


(15) 


Consequently  the  distance  from  o,  at  which  Fo'  is  applied  to 
stop  the  rotation  without  shock,  will  be 


P^p  +  F^  =  ~+Ff 


(16) 


This  result  is  the  same  in  form  as  the  value  found  for  s  ;  and 
the  limiting  conditions  are  the  same.  Hence  it  is  usual  to  say 
that  the  centre  of  percussion  is  identical  with  the  centre  of 
oscillation.  But  the  results  from  assumed  conditions  are  sus- 
ceptible  of  very  different  meanings.     Thus,  if  Z>  is  large,  the 


term  ^  is  a  small  part  of  the  value  of  P. 


For   this   reason 
sledge-hammers  have  a  long  handle  and  a  concentrated  mass,  so 
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that  when  a  blow  is  struck  the  centre  of  percussion  coincides 
closely  with  the  centre  of  gravity  of  the  head.  When  7>  =  go  , 
P  —  CO ,  the  motion  becomes  simple  translation,  and  tlie  centre 
of  percussion  coincides  with  the  centre  of  mass.  The  limiting 
condition  f)  =  k  has  no  special  significance  beyond  making  the 
minimum  value  of  P.  But  if  D  is  made  small,  the  anomalous 
result  is  soon  reached  of  finding  the  centre  of  percussion  out- 
side the  body.  Finally,  if  D  =  o,  P  =  co .  The  apparent  in- 
congruity of  this  case  simply  indicates  the  limiting  condition  at 
which  the  transfer  is  made,  for  example,  to  a  disk  or  cylinder 
rotating  about  its  axis,  as  in  Fig.  64.     Evidently,  no  single  force 
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Fig.  64. 


can  be  applied  that  will  stop  the  rotation  of  the  body  without 
reaction  at  the  axis.  But  any  couple,  /,  of  moment  T'2r 
=  Fg-h  =  Ig  will  do  so  ;  and  that  is  true  even  if  2'- 2r  =  o- 2oo , 
which  marks  the  exit  from  the  incongruity. 

In  the  usual  sense,  the  term  *'  centre  of  percussion  "  can  be 
used  only  in  cases  where  it  would  refer  to  a  single  point  within 
the  limits  of  the  body.  There  are,  however,  in  the  disk  rotat- 
ing about  its  gravity  axis  two  points  which,  if  used  simultane- 
ously, are  true  centres  of  percussion.  These  points  coincide 
with  the  points  of  application  of  the  resultant  forces  forming 
the  couple  Fg,  whose  moment  Fg-h  =  Ig,  for  this  couple  imparts 
or  destroys  angular  acceleration  without  reaction  at  the  axis. 
For  rotating  bodies  of  such  form  that  the  quantities  may  be  cal- 
culated, this  point  may  be  found  by  dividing  the  moment  of  in- 
ertia about  the  gravity  axis  by  the  resultant  accelerating  force  j 
thus, 

■^  ~  F'g~~  MaR~  R ^^^ 
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The  fact  of  coiiicidonco  of  the  centres  of  percussion  and  oscil- 
hation  makers  it  (uisy  to  determine  the  various  (quantities  for  a 
body  of  any  form  experimentally.  By  determining  the  time  of 
oscillation  of  the  body  used  as  a  compound  pendulum,  equation 
(10)  gives 


s  =  3.26/A 


(18) 


in  which  the  constant,  3.26,  is  the  length  in  feet  of  the  seconds 

pendulum.     Then  from  equations  (9)  and  (11),  having  found  7) 

by  balancing  the  body  on  a  knife  edge,  J/  (v  Ds  =  Ig  -}•  M  a  />^, 

or 

Ig  =  Ma  B  {s  -  B)  ^  Ma  ¥   ,     .     .     .      (19) 

and  k 


VB  {s  -  B) 


m 
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Fig.  G5. 


Then,  knowing  Tg,  the  moment  of  inertia  about  any  other  axis 
parallel  to  the  axis  of  oscillation  used  to  determine  t  may  be 
calculated,  since  I  =  Ig  +  M  a  B'^.     And,  finally,  I^  =  s  and  I^= 

Vl^  +  B-.  The  time  of  oscillation  does  not  lead  to  locating  the 
centre  of  percussion  for  a  body  rotating  about  the  gravity  axis ; 
but  this  is  not  essentipJ,  since  any  couple  of  moment  equal  to 
Jcf  will  stop  or  start  the  rotation  without  shock  or  reaction  at 
the  axis. 

For  those  conditions  under  which  the  centres  of  oscillation 
and  percussion  coincide,  those  centres  are  interchangeable  with 
the  axis  of  rotation.  Thus  in  Fig.  65,  which  represents  the 
centre  of  gravity  of  a  compound  pendulum  at  G,  while  the  axis 
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of  suspension  is  first  at  o^  and  then  at  n..,  ■'!  =  't\  +  JJ,iiudsi  = 
jY  +  I^i-     But  Di  =  J  .  and,  therefore, 

•^  T\  "  1^  -r-\  nj  /^^  V 

^'  =  A  +  ^'  =  /Vi>  +  i>  =  ^  +  i>  =  '     •    ^^^) 

Another  2:)oint  in  theory  shouhl  now  be  considered.  Assume 
a  disk  of  thickness  t  and  radius  /■  to  rotate  about  an  axis  (r  per- 
pendicular to  the  plane  of  the  disk  at  its  centre,  as  in  Fig.  Q>Q>. 
Then  the  force  required  to  accelerate  an  element  of  the  mass 
will  be  df  =  dm  cy  r,  and  the   moment  about  G  will  be  c7f-  p  — 

dm  a  p^  =  dl.     Then  /  =■  a    dm  //  =  a     dm  (d(r  +  y-)  —  a 


dm  x^ 


+  (^ 


dm.  if  —  Ix  ^  hj  —  2/t,  since  x'  4-  7/^  =  p~.     This  is  usually 

called  the  '*  polar  moment  of  inertia,"  and  is  apparently  equal 
to  the  "  sum  of  the  rectangular  moments  of  inertia  about  any 
two  axes  of  the  plane  figure  which  intersect  at  right  angles 
in  the  given  point."  But  this  can  be  true  only  of  a  disk  of 
infinitesimal  thickness ;  for,  if  the  thickness  of  the  disk  be  in- 
creased so  that  t  becomes  the  length  I  of  a  cylinder,  the  moment 
of  inertia  about  the  axis  of  the  cylinder  would  be  equal  to  twice 
the  moment  about  a  diameter  at  the  end.  But  that  cannot  be 
true,  since  the  polar  moment  increases  with  the  length,  while 
the  rectangular  moment  increases  with  the  square  of  the  length. 
The  proposition  is  more  evidently  untrue  in  the  case  of  a  sphere, 
where  the  moments  about  all  diameters  are  equal. 

A  correct  relation  may,  however,  be  found  between  the  so- 
called  "  polar  "  and  "  rectangular  "  moments  of  inertia.  In  Fig. 
66  the  accelerating  force  df  may  be  replaced  by  its  components 
dfx  —  ^^^1^  f^Vi  f^iicl  dfy  —  dm  ex  x.  Then  the  moments  of  these 
forces,  both  of  v/hich  cause  rotation  in  the  same  direction  about 
G^  will  be    dl  =  df^  •  y  +  dfy  •  x  =  dm  a  y^  -f-  dm  a  y?  =  dm  a  p~. 

But  the    dm  a  y''-  will  be  the  moment  of  inertia  about  G  if  the 

whole  mass  were  projected  on  a  thin  plane,  YY^,  through  the 

■ 
geometrical  axis  G,  while  the  dm  a  a^  is  the  moment  about  G  of 

the  mass  projected  on  the  plane  XX^,  These  planes  are  indi- 
cated by  the  heavy  lines  in  Fig.  QQ,     They  are  at  right  angles  to 
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eacli  other  jind   their  intersection  is  the  axis   (i,  al^out  which 
both  rotate  in  the  same  direction.     In  this  sense  the  general 

equation    /  -  -     (Jm  (\  if  I       dhi  i\  ar  4-      dm,  (v  If-   shows    that    all 

moments  of  inertia  are  ''  polar  moments." 

Thus  far,  the  body  considered  has  been  constrained  to  rotate 
about  the  gravity  axis  in  the  same  manner  as  about  the  parallel 
axis  o  /  so  that  the  factor  of  acceleration  in  the  general  equa- 
tion /  =  Icj  +  M aD^  =  Ma F  +  M a  B"  has  been  common  to  all 
the  terms.  But  the  mechanical  arrangement  may  be  such  that 
the  acceleration  about  the  gravity  axis  will  not  be  the  same  as 
about  the  axis  of  revolution.     For  instance,  if  the  body  be  car- 
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ried  by  a  frictionless  axis  through  the  centre  of  gravity  parallel 
to  the  axis  n,  then  I<j  —  o,  and  I  =  31  a  D"'.  Or,  the  arrangement 
may  be  such  that  the  acceleration  about  the  gravity  axis  may 
be  greater  or  less  than  the  acceleration  about  o.  A  notable  ex- 
ample is  the  action  of  a  shaft  governor  weight  during  a  change 
of  load.  For  such  cases  the  general  equation  must  be  modified 
so  that  1  —  M  aj^  +  31  a  J)'',  and  the  various  dependent  quanti- 
ties computed  accordingly. 

In  the  reduction  of  formulas  to  numerals,  many  mistakes  are 
made  on  account  of  the  variety  of  units  of  measurement  in  use. 
It  will  not  be  out  of  place,  therefore,  to  consider  here  the  effect 
of  certain  combinations  of  these  units  applicable  to  the  equa- 
tions derived.  Thus,  since  weight  is  the  product  of  the  volume 
of  the  body  by  the  weight  per  cubic  unit,  it  will  be  the  same, 
expressed  in  pounds,  whether  dimensions  are  in  feet  or  inches. 
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Then    F=MaR  =  Ma  =  Weight  x  '^,  in  feet    =  TF  x  ^^-^ 

^  g  y  X  12 

=  TF  X  -,  in  inches.     Hence,  the  accelerating  force  is  the  same 

9 
in  pounds  for  all  dimensions  in  inches  or  all  in  feet.     Again, 

I=FP=  W  X  -  X  P,    in    feet  -  IF  x  -^  x  12 /\     in    inches. 

.     ^    .  .  .        ^ 

Hence,  if  all  dimeusions  are  in  feet,  /is  a  moment  in  foot-pounds  ; 

if  in  inches,  /is  in  inch-pounds. 

In  illustration  of  the  application  of  these  principles  to  a  par- 
ticular case,  assume  a  solid  cylinder  of  length  I  and  radius  /•  to 
be  revolving  about  an  axis  o  distant  D  from  the  parallel  gravity 
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Fig.  67. 


axis  G,  as  in  Fig.  67.  The  mass  of  the  cylinder  will  be 
M  =  StttHj  in  which  S  is  the  mass  per  cubic  unit,  x  is  by 
inspection  il.     To  obtain  y,  resort  must  be  had  to  the  equation 

of  moments  by  weight,  TF-  y  = 


dw 


y 


(y.2    _    ylyy    ^y    ^^^     2  ^^^3^ 

.    0 

in  which  TF  is  the  weight  of  half  a  circular  section  of  thickness 
dx,  and  u   is  the  weight   per    cubic   unit.      Then   y  —  '     ^^^  ^ 

5—.      The  resultant  accelerating  force  will  be 

O  7t 


w 


%ur^ 


'T^U 


F=MaB  +  MaB^^Ma^iK?  +'y'  +  MaD 


/« 


=  MaV  {llf  +  (^— y  4-  Mad), 

The  moment  of  this  force,  which  is  equal  and  opposite  to  the 
moment  of  inertia  of  the  bodv,  will  be 
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(Jni  a  jy^ 


I  =     (h)i  a  X'  +      (Jin,  <Y  If  4 

/  r  r 


nz  2  f^Vt'TT  }' 


I 

hlx 

0 


•'.irrlx  f  4  (hx  I  f  \r  -  y'fy  Hy  +  2  6iX7c  r'lf 

o  Jo' 

=  ^^dtxnr'l''  +  \8ixnrH  +  i^aniHW 

=  -iV  ^/  ^v  ^'  +  i  M^^  >•'  +  iV  ^*'  />'  =  /^  +  ^1^«  ^>'- 
Of  tliese  terms,  jV  J/  <'y  P  represents  the  moment  of  inertia 
about  the  gravity  axis  if  the  Avhole  mass  were  projected  on  the 
rectangular  section  of  the  cylinder  made  by  a  plane  passing 
through  the  axes  G  and  6>  y  |^  Jf  <'i' /"^  represents  the  moment  of 
inertia  of  the  whole  mass  projected  on  the  circular  section  at 
right  angles  to  the  axis  of  the  cylinder ;  and  the  sum  of  tliese 
two  moments  in  j^lanes  at  right  angles  to  each  other  intersecting 
in  the  gravity  axis  is  the  true  polar  moment,  Ig,  about  the  gravity 
axis.  And  J/  a  Jf^  is  the  moment  about  o  of  the  whole  mass 
concentrated  on  the  gravity  axis. 

The  distance  from  the  axis  o  to  the  centre  of  percussion  will  be 

Ma  I)  Ma  D  1) 

which  in  this  case  coincides  with  the  centre  of  oscillation.     The 

time  of  oscillation  may  be  found  by  the  formula  t  —  n  A/  - ,  in 

which  s  is  the  distance  from  the  axis  o  to  the  centre  of  oscilla- 
tion, or  length  of  the  corresponding  simple  j)endulum. 

Assuming  the  cylinder  to  be  of  cast  iron  IS  inches  diameter 
by  80  inches  long,  with  its  centre  of  gravity  24  inches  from  the 
axis  0,  and  that  the  accelerating  force  is  to  increase  the  speed 

of  rotation  three  turns  per  second,  then  M^=^  SniH  =  ,-^r—  x  tt  x 

0.76'  X  2.5  =  61.74  pounds,    a  =  27zn  =  2x7t  x  3  =  18.85  feet  per 

second.      x  =  il  =  0.625   foot.      y=~  =  i^M^  ,=  0.318  foot. 

B=Vx'  +  y''=^  a/o.625'^  +  0.318^  =  0.7014  foot.  F=  Ma  R  + 
Jf«7>  =  61.74  X  18.85  x  0.7014  +  61.74  x  18.85  x  2  =  816.3  + 
2327.6  z=z  3143.9  pounds.  Ig  =  j\2£aP  +  ^llar''  =  ^V  x  61.74 
X  18.85  x  2.5'^  +  :^  X  61.74  x  18.85  x  0.75'^  =  606.15  +  163.66  = 
769.8  foot-pounds.      I  =  Ig  +  M a  B^  =  Ig  +  61.74  x  18.85  x  2' 

-=  769  8  +  4655.2  =  5425.0  foot-pounds,      s  --=^  J^  ^  +  I)  = 

Ma  J) 
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lf^;l  -.  2  =  0.33  +  2.00  =  2.33  feet.  Pry  =  -^-/^  ^,  =  l^^:^  = 
2327.6  -^      MaR      816.3 

0.9-4  foot.     /  =  ""i/    ';=  "^1/30  2  ""  ^-^^"^  second 

For  convenience  of  reference  and  for  the  sake  of  determining- 
what  quantities  connected  .with  the  more  commonly  used  solids 
would  be  useful  in  tabular  form,  the  essential  equations  are 
grouped  as  follows  : 

The    resultant    accelerating   force    I^  =  Jf  a  R  +  JI  a  IJ  = 


JlaVx'  +  if  +  MaD. 

The  moment  of  inertia  about  the  gravity  axis,  J(/  — 

+ 


dm  a 


f  X- 


dm  ocy"^  =  2fa]r ;  from  which  I"  =  -^r~,  or  the  radius  of  sj- 

Jl  ex  "' 


ration,  h  =  ^Z I(J  -^  Jf  (r. 

The  moment  of  inertia  about  any  axis  parallel  to  the  gravitv 

axis,  I  =       d/n  a  x'-  ^     dm  a'lf  +      dm  a  D^  =  Ig  ^  J/  a  J)-  = 

The  distance   from   the   axis   of  suspension  to  the  centre   of 

oscillation,  s  —  ^r     n  +  -^  = -r,  +  ^,  which  is  a  minimum  for 
Jl  a  JJ  JJ 

B  =  L 

The  distance  from  the  axis  to  the  centre  of  percussion,  P  =  .<?, 

T  I'' 

for  rotation  about  the  axis  0  /  but  P  =  ^r     t^  ~  T>  ^^^  rotation 

JZ  ex  li         1l 

about  the  srravitv  axis. 

The  radius  of  gyration  about  any  axis  parallel  to  the  gravitv 
axis,  K'  =  V^  +  P"  =  P-s.  or  K=  \/Jr  +  P"  =  \/^^. 

The  time  of  oscillation  of  any  solid  as  a  compound  pendulum, 

'P 

g^  ^  g' 

Inspection  of  these  equations  shows  them  to  be  made  up  of 
the  fundamental  quantities,  J/,  x,  y,  Pj,  Jr.  together  with  (x  and  P, 
which  are  usually  given.  Hence  in  the  table  herewith  only 
those  quantities  are  given  for  the  more  useful  elementary  forms 
of  solids ;  for  by  combining  these,  the  desired  quantity  for  a 
very  large  number  of  special  cases  can  readily  be  obtained. 
13 
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MnHS  of  Solid 

:  :   fi     I '  =:=   ForCt! 

in  PouiidH  for 
Unit  Accelera- 
tion. 


?,a  TT  r* 


Sfbl 


Snr'^l 


3/=  J/, -.1/2  = 


Unr'^7l 


Sn  abl 


=28b/il  +  Stel 


3/=  .1/1 +,1/2 
=8bhl  +  2Sfel 


(iravlty 
AxIh  to  Cen- 
tre  of    Pro- 
jected and 
Revolved 
Mat's. 


Moment  of  Inertia  )  /a- 

about  tlu!  I  /„ 

Gravity  AxIh.      )  Ji 


In  Feet. 

Ir 

jr 
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It  would  add  to  the  completeness  of  this  paper  to  discuss  at 
this  point  the  so  called  "  ellipsoid  of  inertia  "  ;  but  it  is  diffi- 
cult to  present  that  phase  of  the  subject  clearly  without  being 
tedious,  and  as  the  results  are  seldom,  if  ever,  useful  in  practice 
the  discussion  is  omitted. 

Solids  of  irregular  shape  or  combinations  of  solids  may  not 
yield  readily,  if  at  all,  to  analytical  methods  of  calculation.  To 
meet  such  cases,  as  well  as  those  yielding  to  calculation,  the  fol- 
lowing graphical  method  is  well  adapted.  In  order  to  secure 
verification  and  a  comparison  of  results  as  to  accuracy,  the 
cylinder  is  resumed  as  an  example  for  which  the  various  quan- 
tities have  already  been  computed.  This  cylinder  is  shown  in 
Fig.  68,  drawn  to  one -eighth  scale  and  divided,  first,  by  planes 
parallel  to  the  bases  into  ten  circular  disks  whose  centres  of  grav- 
ity are  at  1,  2,  3,  ...  10 ;  and,  second,  by  planes  parallel  to  the 
axis  of  the  cylinder  into  slabs  whose  centres  of  gravity  are  at  1', 
2',  3',  .  .  .  10'.     As  cast  iron  weighs  about  450  pounds  per  cubic 

foot,  the  mass  of  each  disk  is  dn  t^I  =  — -oo"o"~  =6.18 

pounds.  Assuming  the  convenient  scale  of  20  pounds  per  inch, 
or  240  per  foot,  lay  off  on  the  *'  load  line  "  si  the  distances  1,  2, 
3,  ...  10  each  equal  to  6.18  pounds.  From  any  point,  p,  in  line 
with  the  other  base  of  the  cylinder,  draw  ps  and^/.  From  the 
centre  (1)  drop  a  perpendicular  from  O^  O5,  to  intersect  p>-^  ^^  ^• 
Draw  a  parallel  to  pA  from  a  to  intersect  a  perpendicular  from 
centre  (2)  at  h  ;  and  proceed  thus  until  the  polygon  acfg  is  formed, 
the  last  chord,  ^wi,  being  parallel  to  Ip,  Produce  mfio  intersect 
ps  at  G  :  draw  gcG  and  extend  ah  to  e.  Now  the  triangles  ace  and 
psh  are  similar,  and  x  :ce  =  H^  :  sh^  or  x-shz=  H^  •  ce.  In  the  gen- 
eral equation  for  the  moment  of  inertia,  I—  \dm  cxa^-h  \dm  ay^-\- 

dm  a  7)^5  the  dm  is  represented  here  by  sh.     Hence  the  pro- 


I 


portion,  with  the  factor  a  introduced,  becomes  dm  ax  =  a  H^-ce. 
But  dm  ax  1^  the  accelerating  force  for  the  mass  whose  centre 
is  at  (1) ;  and,  consequently,  the  accelerating  force  required  for 
the  masses  1,  2,  ...  5  will  be  a  H^-ccj.  Similarly,  for  the  masses 
6,  7,  .  .  .  10,  the  force  will  be  a^  H-  eg,  which  is  equal  and  oppo- 
site to  the  force  required  to  accelerate  the  masses  1,  2,  ...  5, 
although  causing  rotation  in  the  same  direction.    The  point  c  is 


()() 
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thereforo  on  a  line  di  tliroujijli  tlio  centre  of  gravity  of  the 
body  ;  and  \\w,  entire  accelerating  force  about  the  gravity  axis 
will  be'  F<j  —  %x  Hy.-  eg. 


00 


The  moment  of  the  accelerating  force  for  the  mass  (1)  will  be 
d777,  a X'  =  a  Hy. -ce-x  —  2 -^  11  ^ •  ^ce -x  —  2a  17^  x  area  triangle  ace / 


and  the      di?i  n'  a^^  =  2.'v  11-^,  x  area  acffj  —  'Za  H^  A^.      Similarly, 


find  the  polygon  qnzd.     Then  tw^o  lines  at  right  angles  to  each 
other  through  c  and  u  will  intersect  in  the  centre  of  mass,  6',  of 
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the  cylinder  ;  and  the     dm  a  if  ==  %a  Ily  x  area  quzd  =  2a  Uy  Ay. 
Then, 

Ig  ■=    dm,  a  x^  +    dm  aif  =  Ma  W  —  %x  Tl^Ay,-\-  2a  IT y  Ay    (22) 

The  numerical  result  is  to  be  a  moment  in  foot-pounds  so 
that  II  must  be  expressed  in  feet  from  the  scale  of  the  drawing ; 
while  ^a;  ^^  ^yt  representing  areas,  will  be  affected  in  one 
dimension  by  the  scale  of  the  drawing  and  in  the  other  by  the 
scale  of  the  load  line  si  or  vw.  As  these  areas  will  usually  be 
determined  by  the  planimeter  in  square  inches,  the  area  found 
must  be  divided  by  144  to  reduce  to  square  feet,  then  multiplied 
by  8  if  the  scale  of  the  drawing  is  one -eighth,  and  by  the  scale 
of  the  load  line  in  pounds  per  foot. 

Having  assumed  an  axis  through  any  point  o  parallel  to  the 
gravity  axis,  the  triangles  pl^  and  civ  are  similar,  so  that  H  :sl 
—  D  :  i)\  or  si'  D  =  II -ir.  But  si  represents  the  entire  mass,  21, 
of  the  cylinder.  Introducing  <-»',  the  proportion  gives  Ma  D^  = 
a  H^-ir,  in  which  ffy.  is  to  be  measured  in  feet  and  //•  is  a  force 
in  pounds.  Similarly,  M a Dy  =  a  Hy-jk.  Then,  finding  the 
resultant  of  the  two  forces  about  the  gravity  axis  and  of  the  two 
about  the  given  parallel  axis  through  v,  the  result  is 

F=^  Fg  +  Fo (23) 

The  moment  of  the  accelerating  force  M  a  D^^  =  a  Hr^-ir  will  be 

M a  D^-  Dx  =  a  Ily.- ir •  D^  =  2a  Ily.  x  ^r  x  D^  =  2a  Hy.  x  area 

triangle   cir —2a  H^  A^^  \     and    MaDy=2aIIyAy.      Since 
i>^2  ^  7>^2  =  j)2^   ^i^gj^    j^^,  2)^.  +  MaDy^=MaD''  =  2aH^,A^' 

+  2aHyAy,  and  the  total  moment  about  o  measured  in  foot- 
pounds will  be 

lO     =     2a    Hy,    {Ay,      +■     Ay})      +      2a     Ily   {Ay      +      Ay') 

=  2a'  Ily.  X  SLvesbpcirg  ■\-2aIIy  x  area  qjkzd.       (24) 

The  triangles  cir  and  cpt  are  similar,  so  that  the  accelerating 
forces  and  the  moment  of  inertia  Avill  be  the  same  for  equal  posi- 
tive and  negative  values  of  the  ordinates  to  o,  the  area  acfg  be- 
ing common.  And  inspection  of  the  diagrams  will  show  that  by 
proper  combination  of  data  from  the  polygons  acfg  and  quzd^ 
and  the  triangles  pet,  esm,  unq,  vzii,  the  accelerating  forces  and 
the  moments  of  inertia  of  the  cylinder  about  the  nine  parallel 
axes,  G,  Oi,  0^,  .  .  .  0^,  may  be  obtained- 
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The  results  from  the  graphical  solution  may,  of  course,  be 
used  as  iu  the  analytical  method  for  the  detc^.rmination  of  the 
centres  of  percussion  or  oscillation  and  tlie  radii  of  gyration. 

In  comparing  the  results  from  the  analytical  and  graphical 
methods,  tlie  measurements  from  the  diagrams  were  taken  while 
in  fine  pencil  lines.  The  location  of  the  centre  of  gravity  of  the 
solid  is  known  in  this  case.  The  point  6'  came  out  exactly  right, 
the  point  "■  nearly  so.  From  the  equations  for  moment  of  iner- 
tia, the  area  j>(('in(j  should  be  equal  to  four  times  the  area  (irffj. 
This  is  correct  within  0.01  square  inch,  the  limit  of  the  pla- 
nimeter  used.  Likewise  5  x  area  qvzd  —  1.13  square  inches, 
instead  of  1.12  from  the  polygon  quczd. 

The  analytical  method  gives  for  the  accelerating  force  about 
the  gravity  axis,  7^^^  =  Jicy /?  =  816  3  pounds;  while  by  the 
graphical,  F^  =  2.'v  77^.^  =  2  x  18.85  x  2.5  x  0  38  x  20  =  716.3 
pounds,  and  Fy  =  2^^  Hy-t7d  =  2  x  18.85  x  1.5  x  0.34:  x  20  = 
384.5  pounds,  the  resultant  being  Fg  =  VFJ  +  F^^  =  813  pounds. 
The  difference  is  less  than  0.4  of  1  per  cent,  of  either.  By  the 
analytical  method,  Ij  =  769.8   foot-pounds  ;   by   the   graphical 

A    AQ 

d?jiax^  =  %x  Jly,  ■  area  acfg  =  2  x  18.,85  x  2.5  x  -^  x  8  x  240 


=:  603.2  foot-pounds,  and     d/7i  ay^  =  %x  Hy  •  area  qiizd  =  2  x 

0  '29fi 
18.85  x  1.5  X  ^-^  X  8  X  240  =  170.4  foot-pounds,  the   sum  of 

moments   being   Ig  =  603.2  +  170.4  =  773.6   foot-pounds.     The 
difference  is  a  half  of  one  per  cent,  of  either. 

Again,  the  moment  of  inertia  about  0^  in  Fig.  68  is  /==  //  + 
Mcx  B'  =  Ig  +  61.74  x  18.85  (1.25^  +  0.75'0  =  76.). 8  +  2473.1  - 

3242.9  foot-pounds.     From  the  diagrams,  /=  2a'  II^.  •  area  mctpg 
1  91 

+  2oL  II,,  •  area  quvzd—  2  x  18.85  x  2.5  x     '- ^-  x  8  x  240  +  2  x 
y  1  44 

1   io 

18.85  x  1.5  X  ^  X  8  X  240  =  2400.2  +  844.5  =  3244.7  foot- 
144 

pounds.     The  difference  here  is  but  0.05  of  one  per  cent. 

Finally,  for  an  axis  parallel  to  the  gravity  axis  passing  through 
any  point,  as  o,  whose  coordinates  referred  to  G  are  x  =  1.75  feet 
and  y  =  0.25  foot,  I  =  Ig  ^  M iv  D^  =  Fj  +  61.74  x  18.85  (1.75^ 
+  0.25')  =  769.8^  8636.9  =  4406.7  foot-pounds.  While  I  -^  Ig 
V2aE^  '  area  cir  +  2^  By  •  area  vjk  =  773.6  +  2  x  18.85  x  2.5 
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2.62  X  2.15      Q      o.A  .   o       iQQK      1  r      O'^^Q  X  0.56      ^ 

X   —^ :, , ,  -  X  8  X  240  +  2   X  18.85  x  1.5  x  — ^r — --  -  x  8  x 

2  X  144  2  x  144 

240  -  773.6  +  3539.4  +  82.3  =  4395.3  foot-pounds.  In  this,  and 
all  other  cases  in  fact,  the  moment  about  o  may  be  found  with- 
out first  knowing  the  moment  about  G  by  making  /  =  2a  II ^^ 
area  pcirg  -i-  2  r  Ily  •  area  (iiijkzd,  since  the  areas  used  added 
together  equal  these.    The  difference  here  is  0.2G  of  one  per  cent. 

These  results  are  in  practical  agreement.  The  purpose  in 
this  comparison  has  been  to  show  the  correctness  of  the  methods 
used,  in  part  the  means  available  to  check  results,  and  the 
degree  of  accuracy  to  be  expected  with  ordinary  care  in  calcula- 
tion and  drawing.  So  far  as  the  graphical  method  is  concerned, 
the  larger  the  scale  used  within  convenient  limits,  the  greater 
the  accuracy ;  and  care  is  essential  always. 

In  conclusion,  the  salient  features  of  this  form  of  the  theory 
are  considered  to  be  : 

(1)  That  mass  may  be  used  as  a  measure  of  force  causing 
unit  acceleration  in  unit  time. 

(2)  That  momentum  is  not  merely  a  "quantity  of  motion,"  but 
a  measure  of  the  inertia  developed  in  a  body. 

(3j  That  the  moment  of  Inertia  of  a  body  depends  upon  oxcelera- 
Hon  as  well  as  upon  mass,  and  is  expressed  as  the  moment  of  a 
force  in  inch  or  foot  pounds. 

(4)  That  the  centres  of  oscillation  and  of  percussion  are  not 
always  identical. 

(5)  That  in  this,  the  concrete  form,  the  moment  of  inertia  is  a 
question  of  dynamics,  as  opposed  to  the  moment  of  resistance, 
which  is  a  question  of  statics. 

(6)  That  the  analytical  and  graphical  methods  evolved  are 
either  singly  or  in  combination  capable  of  effecting  a  solution  of 
any  useful  problem. 

(7)  That  the  concrete  form  of  theory  permits  the  designation 
of  a  numerical  result  in  rational  terms. 

DISCUSSION. 

Mr.  Wm.  Kent. — The  object  of  the  author,  as  it  appears  in  his 
paper  of  1894  as  well  as  in  the  present  paper,  is  to  give  students 
some  new  ideas  of  the  moment  of  inertia,  and  to  help  them  form 
some  mental  conception  of  what  it  is.  It  may  be  allowable  in 
discussion  to  make  a  restatement,  in  possibly  a  new  form,  of  old 
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ideas  on  the  subject.  Let  us  consider  first  what  llankine  calls  the 
geometrical  moment  of  inertia  of  the  cross-section  of  a  beam. 
Suppose  a  plank  12  inches  wide  to  be  sawed  through,  and  the  two 
])ieces,  separated  a  short  distance,  to  be  joined  in  the  middle  by  a 
hinge  or  flexure  })ivot  at  O^  as  in  Fig.  69.  Place  a  thin  strip  of 
elastic  material,  like  rubber,  in  the  space  on  one  side  of  the  pivot. 
Let  the  elastic  compressive  resistance  of  the  rubber  be  such  that 
/  pounds  will  compress  a  lineal  inch  of  the  strip  .01  inch ;  6/ 
pounds  .00  inch,  etc.  Apply  a  force  F,  acting  at  a  lever  arm  of 
10  inches  from  the  pivot,  so  as  to  produce  a  compression  of  .06 
inch  at  the  extreme  edge,  or  6  inches  from  the  pivot,  and  a  com- 
pression of  .01  inch  1  inch  from  the  pivot.  Tlje  force  exerted  on 
the  rubber  at  the  extremity  of  the  radius  r  will  be  6/  pounds  per 
lineal  inch,  and  /  pounds  per  lineal  inch  1  inch  from  the  pivot. 
Conceive  the  strip  to  be  cut  into  a  great  number  of  short  sections. 
The  outer  section  will  resist  compression  at  the  rate  of  6  pounds 
per  inch,  and  the  innermost  section,  adjoining  the  pivot,  will  not 
be  compressed  at  all,  and  its  resistance  will  be  0.  The  sum  of  the 
resistances  of  all  the  sections,  or  of  the  whole  strip,  may  be  repre- 
sented graphically  by  the  area  of  a  triangle  (Fig.  70)  whose  base  is 
6  /  pounds  and  whose  altitude  is  r  or  6  inches,  the  area  being  18 
/pounds.  Each  small  section  of  the  strip  resists  the  force  F,  not 
only  in  proportion  to  its  compression,  which  causes  a  resistance 
varying  from  6  /  to  0  pound,  but  also  in  proportion  to  the  lever 
arm,  at  which  each  particular  section  acts;  that  is,  the  outermost 
section  has  a  lever  arm  of  6  inches  and  a  compression  of  .06  inch, 
and  has  a  moment  of  resistance  per  line.al  inch  of  6  /  x  6  =  36/ 
inch-pounds.  The  sum  of  the  moments  of  all  the  strips  may  be 
represented  by  the  volume  of  a  pyramid  (Fig.  71)  whose  altitude 
is  r,  or  6  inches,  the  base  one  of  whose  sides  is  6  inches,  and  the 
adjoining  side  of  the  base  6/ pounds.  This  volume,  according  to 
mensuration,  is  |  of  36  x  6  =  72  square  inches  x  /pounds.  At 
the  distance  of  1  inch  from  the  pivot,  the  section  has  a  resistance 
of /pounds  per  inch,  and  its  lever  arm  is  1  inch,  the  moment  being 
/inch-pounds  per  lineal  inch.  At  the  distance  r  or  6  inches  it  is 
r"  or  36  inch-pounds  per  lineal  inch.  The  moment,  therefore,  varies 
as  the  square  of  x^  which  is  any  part  of  r.  We  may  make  the 
summation  of  the  moments  by  the  calculus,  thus : 


Total   moment   of  resistance 


fx^dx  =  \r%  or  72  /     In  the 


above  calculations  the  breadth  of  the  strip  has  been  considered 
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r/' 


as  uoit}'.     If  the  breadth  be  h  the  total  moment  will  Ije     fhx'dx 

J  o 

—  J  br^f.  The  calculations  also  assume  that  the  strip  is  rectan- 
gular, which  makes  the  graphical  solution,  by  the  device  of  the 
pyramid,  possible.  The  method  by  the  calculus  is  general  for  any 
shape  of  strip,  but  the  integration  is  more  or  less  dithcult,  accord- 
ing to  the  shape. 

Now  assume  that  we  have  a  similar  rubber  strip  on  the  other 
side  of  the  pivot,  resisting  tension  (being  properly  fastened  or 
glued),  in  the  same  way  that  the  first  strip  resists  compression,  all 
conditions  of  elasticity,  etc.,  being  the  same,  and  let  the  applied 
force  i^be  doubled.     The  total  moment  of  resistance  will  then  be 


->F 


-12- 


-d- 


te 


Kerr 


Fig.  69. 


•^■A  I  i  i  i  i-^i 


Ker 


Fig.  71. 


Fig.  73. 


f  b7'\f.  If  we  substitute  d,  or  the  depth  of  the  beam  for  2r  or  d' 
for  8  r,  we  obtain  total  moment  =  yV  bd^  /. 

In  both  expressions  ^  ^r^/and  yV  bd\f,  we  see  that  the  moment  is 
composed  of  two  factors,  one/,  the  rate  of  the  force  at  unit  distance, 
and  the  other  i  br^  oi'jV  ^'^^  ^  function  of  the  magnitude  and  shape  of 

the  area  compressed.    To  this  function,  which  is  generally    bx^  dx,  or 

"     J  0 

2  bx'  dx  or  2  ar',  in  which  latter  expression  a  is  a  small  elementary 

Jo 

area,  r  the  distance  of  each  elementary  area  from  the  axis  of  rota- 
tion, and  2  the  sign  of  summation,  has  been  given  the  name 
*'  moment  of  inertia."  The  name  may  not  be  a  good  one,  for  the 
function  is  not  a  moment  and  it  is  not  inertia,  but  it  has  so  long 
been  incorporated  into  the  literature  of  engineering  that  it  is  not 
likely  to  be  displaced.  It  might  be  called  ai'ea  function  or  "  area 
modulus."  It  might  be  called  "  section  modulus,"  but  that  term 
has  already  been  appropriated  by  another  function,  viz.  :  this 
so-called  moment  of  inertia  dividevd  by  the  distance  of  the  ex- 
treme fibre  from  the  axis  of  rotation.     The  "section  modulus"  is 
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improperly  called  "moment  of  resistance  "  by  some  authors.  What 
is  this  "  moment  of  inertia  "  ?  It  is  simply  a  fuuction,  an  algebraic 
expression.  It  is  ^  ar^,  or  in  the  case  of  a  rectangular  area  rotated 
about  one  edge,  J  hr\  or  in  the  case  of  a  rectangular  area  rotated 
about  an  axis  in  the  middle,  parallel  to  one  edge,  j'^)  h(l\  It  is  a  very 
convenient  algebraic  expression,  for  use  in  computing  the  resist- 
ance of  beams  and  columns,  and  it  may  be  used  just  as  well 
without  a  mental  conception  of  it  as  with  one.  It  is,  moreover,  a 
function  of  the  magnitude  and  shape  of  an  area,  and  of  the  posi- 
tion of  an  axis  of  rotation  of  that  area,  and  of  nothing  else.  It 
has  nothing  to  do  with  either  force,  inertia,  or  with  anything  else 
but  an  area. 

Moment  of  Inertia  of  a  Rotaiimj  Body. 

Conceive  the  body  shown  pivoted  at  0,  Fig.  72,  divided  into  a 

number  of  separate  sections,  each  one  of  which  is  acted  on  by  a 

separate  force/',/'",  etc.,  for  a  short  period  of  time,  the  magnitude 

of  each  force  being  such  as  to  cause  each  correspouding  section 

to  acquire  the  same  angular  velocity  at  the  same  period  of  time, 

or  to  give  it  the  same  angular  acceleration.     Suppose  the  force/', 

acting  on  the  small  section  whose  mass  is  m,  at  the  extreme  end 

of  the  radius  r,  gives  it  a  lineal  motion  s  at  the  end  of  a  small 

period  of  time,  causing  it  to  acquire  a  velocity  v  =  cor^  gd  being 

the  angular  velocity.     The  work  done  by  the  force  is/s  =  |  mv^  = 

Imoo^f.     The  small  sections  all  having  the   same  mass  ??i,  the 

forces   impelling  them  will   vary  with   the    acceleration   of  the 

several  masses  from  the  maximum  force  /  down  to  0.     The  total 

work  done  in  accelerating  the  whole  body  will  be  '2fs  =  2  Jm  ao^r^. 

This  expression  is  divisible  into  two  parts,  viz.  :  ^oo^  and  ^mr^. 

The  first  is  a  function  of  the  angular  acceleration,  and  hence  of 

the  acting  force.     The  second  is  a  function  of  the  mass  of  each 

elementary  particle,  which  depends  on  four  elementary  factors,  its 

length,  its  breadth,  its  depth,  and  its  specific  heaviness  or  density, 

and  also  on  the  geometrical  shape  and  magnitude  of  the  body. 

This  expression  ^mr"^  is  also  called  moment  of  inertia,  but  it  is  a 

more  complex  function  than  the  geometrical  moment  of  inertia  of 

the  cross  section  of    a  beam.     It  is  also  called   the  moment  of 

w  -,  .... 

inertia  of  the  mass  of  a  body,  or  2 — r^  =^  mr^,  to  distinguish  it 

from  the  moment  of  inertia  of  the  weight  of  a  body,  2wr',  which  is 
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more  commonly  used  in  mechanical  engineering,  as  stated  by 
Rankiue  {Machinery  and  Milhcork^  p.  459).  Rankiue  also  defines 
the  sum  ^vjr'  as  "  the  weight  of  a  body  which,  if  concentrated  at 
the  distance  unity  from  the  axis  of  rotation,  would  require  the 
same  work  to  produce  a  given  increase  of  angular  velocity  which 
the  actual  body  requires. 

The  subject  of  the  diiTerent  moments  of  inertia  seems  to  be 
treated  with  sufficient  clearness  and  to  a  sufficient  extent  by  the 
standard  authorities,  such  as  Weisbach  andRankine,  and  a  student 
who  has  had  the  requisite  preliminary  training  in  mathematics 
should  have  no  difficulty  in  understanding  it  after  a  little  expla- 
nation from  his  instructor.  There  may  be  a  need  of  rewriting 
Rankine  in  more  elementary  form,  so  as  to  make  it  more  compre- 
hensible by  the  average  student,  but  what  is  not  needed  is  any 
such  mathematical  discussion  of  it  as  Professor  Kerr  has  given  us 
in  his  two  papers.  I  do  not  see  that  they  have  improved  in 
the  slightest  degree  on  the  treatment  of  the  text  books  nor 
brought  out  any  new  facts  of  importance. 

In  regard  to  Professor  Kerr's  conclusions  I  must  take  exception 
to  the  first  three,  leaving  to  others  the  discussion  of  the  other 
four.  His  first  conclusion,  that  mass  may  be  used  as  a  measure  of 
force,  tends  simply  to  a  confusion  of  ideas.  This  statement  may  be 
derived  from  the  equation/^  =  mv  if  each  of  the  qualities  v  and  ^ 
be  taken  as  unity,  but  we  might  as  well  derive  from  it  that  time 

may  be  used  as  a  measure  of  mass:  i  —  — ^,  when  v  and/are  both 

taken  as  unit}'.     It  may  be  curious,  but  it  is  not  useful. 

2.  Momentum  is  merely  the  so-called  "  quantity  of  motion,"  and 
it  is  strictly  the  product  of  m  and  v,  and  nothing  else.  The  term 
"  inertia  developed  in  a  body  "  is,  I  think,  new,  but  it  is  vicious. 
We  might  as  well  speak  of  area  developed  in  a  plane  surface  or  of 
weight  developed  in  a  body. 

3.  The  moment  of  inertia  does  not  depend  upon  acceleration.  It 
is  -^v;/,  w  being  a  function  of  the  heaviness  and  of  the  dimensions 
of  the  body,  and  r  a  function  of  its  shape.  There  is  in  the  expres- 
sion nothing  which  corresponds  to  force,  velocity,  or  acceleration. 

The  moment  of  inertia  treated  of  by  the  author  seems  to  be  an 
entirely  different  thing  from  what  is  called  moment  of  inertia  in 
the  text-books.  My  discussion  has  relation  solely  to  the  latter. 
If  his  moment  of  inertia  is  a  different  thing,  he  should  give  it  a 
different  name,  say  moment  of  resistance,  referring  to  the  resistance 
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of  a  beam  to  bending,  or  work  of  angular  acceleration,  referring  to 
rotating  masses. 

J/r.  Jut((j/shury. — I  wisli  to  say,  with  reference  to  clause  No.  4, 
"  That  the  centres  of  oscillation  and  of  percussion  are  not  always 
identical,"  that  I  have  never  met  that  statement  before.  On  tlie 
contrary,  it  seems  to  be  proven  with  mathematical  exactness  that 
the  centre  of  oscillation  and  the  centre  of  percussion  do  coincide 
in  Jill  cases. 

Prof.  C.  V.  Kerr* — So  far  as  names  are  concerned,  there  is  no 
need  of  new  ones.  I  am  simply  trying  to  put  more  life  into  a  few 
of  the  old  ones,  to  invest  the  "moment  of  inertia"  with  its  true 
and  full  meaning,  and  to  distingnish  it  from  the  old  "  moment  of 
resistance,"  which  is  purely  a  question  of  static  stress.  But  the 
fact  that,  thus  treated,  both  moments  reduce  to  foot-pounds  is  an 
illustration  of  the  unity  that  may  aj^pear  in  heterogeneity. 

In  his  PocJcet  Book  for  Mechanical  Engineers^  Mr.  Kent  is  sup- 
posed to  state  the  accepted  definitions  in  mechanics.  Thus  on 
p.  415:  "A  force  should  always  mean  the  pull,  pressure,  rub,  at- 
traction or  repulsion  of  one  body  upon  another,  and  always  implies 
the  existence  of  a  simultaneous,  equal,  and  opposite  force  exerted 
by  that  body  on  the  first  body,  i.  e.,  the  reaction."  "The  unit  of 
force  used  in  engineering,  by  English  writers,  is  the  pound  avoir- 
dupois." "  Inertia  is  that  property  of  a  body  by  virtue  of  which 
it  tends  to  continue  in  the  state  of  rest  or  motion  in  which  it  may 
be  placed  until  acted  on  by  some  force."  Under  these  definitions, 
what  supplies  the  forces  acting  during  impact  in  the  case  of  two 
free  moving  bodies,  unless  it  is  inertia?  In  fact,  is  inertia  merely 
a  ineasure  of  the  forces  called  action  and  reaction^  or  is  it  a  force  f 
And  yet  I  have  not  gone  farther  than  to  use  inertia  as  the  measure 
of  force. 

Again,  p.  427  :  "Force  equals  the  product  of  mass  by  the  ac- 
celeration, or  y  =  ???a."  "The  resistance  to  acceleration  is  the 
same  as  the  force  applied  to  produce  acceleration."     Xow,  if  the 

acceleration,  a  =  1,  then  /  =  w,  and  mass,  m  =  — ,  becomes  the 

measure  of  the  force  in  pounds  required  to  impart  unit  accelera- 
tion. That  is  the  property  of  matter  which  is  constant  through- 
out the  known  universe. 

Finally,  on  p.  428  :  "  Momentum,  or  quantity  of  motion  in  a 


*  Author's  closure,  under  tlie  Rules. 
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body,  is  the  product  of  the  mass  by  the  velocity  at  any  instant 

=  mv  =  -.  V.     .     .     .     Since  fi  =  rav,  if   ^  =  1   second,  mv  =  f 

whence  momentum  might  be  defined  as  numerically  equivalent  to 
the  number  of  pounds  of  force  that  will  stop  a  moving  body  in  1 
second,  or  the  number  of  pounds  of  force  which,  acting  during  1 
second,  will  give  it  the  given  velocity."  This  last  sentence  con- 
tains an  idea  which  was  presented  in  my  first  paper  on  the 
moment  of  inertia,  read  before  the  Society  in  189i,  some  months 
before  the  issue  of  the  first  edition  of  Mr.  Kent's  book.  However, 
he  now  reaffirms,  with  Newton,  that  momentum  is  merely  the  so- 
called  "  quantity  of  motion  " — strictly  the  product  rav^  and  nothing 
else. 

My  use  of  momentum  as  a  measure  of  the  inertia  developed  in 
a  body  is  better  compared  to  the  power  developed  in  a  given  steam 
engine  which  depends  upon  speed  and  steam  pressure  than  to  the. 
area  developed  in  a  plane  surface,  or  to  weight  developed  in  a 
body,  as  Mr.  Kent  compares  it.  But  area  is  merely  a  definite 
portion  of  the  plane  itself,  and  is  variable  between  zero  and  the 
limit  of  the  plane,  which  is  infinity.  And  according  to  Mr.  Kent, 
p.  427  :  "  Weight  varies  according  to  the  variation  in  the  force  of 
gi'avity  at  different  places,"  and  consequently  a  man's  weight  may 
vary  from  zero  in  midspace  to  150  pounds  on  the  earth's  surface 
or  even  to  infinity  on  some  mighty  planet  or  sun  in  the  universe. 
Tfy*=  ma^  then  in  a  given  body  the  resistance  to  acceleration — 
another  name  for  inertia — may  vary  with  the  acceleration  between 
zero  and  infinity.  Some  other  word  than  "develop"  might  more 
neatly  express  the  fact,  but  I  do  not  yet  agree  that  it  is  melons  to 
speak  of  inertia  developed  in  a  body. 

In  a  recent  paper  read  before  the  American  Association  for  the 

iixv 
Advancement  of  Science,  Mr.  Kent  used  the  equation  /  =  — -  as 

a  basis  for  the  definition  that  ''unit  time  is  that  time  in  which 
unit  mass  will  acquire  unit  velocity  when  acted  on  by  unit  force." 
If  time  is  to  be  made  a  dependent  variable,  then  this  definition 
is  not  a  bad  statement  of  fact.  In  this  discussion,  the  effect  of 
this  adroit  change  is  apparently  to  cast  discredit  on  a  sound 
statement. 

I  am  indebted  to  Mr.  Kent  for  the  exhibit  he  has  made  of  the 
modern  form  of  the  old  way  of  deducing  the  various  moments  of 
inertia,  and  especially  so  as  he  has  charged  one,  at  least,  of  my 
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conclusions  with  tending  to  a  confusion  of  ideas.  lie  sliox\'s  us 
no  less  than  three  variations,  2^'a/'",  2^^cr'\  and  '^lar^^  all  different 
so  far  as  form  is  concerned,  and  so  far  as  meaning  can  be  put 
into  them  ;  and  yet  they  are  all  called  "  moment  of  inertia." 
Ho  says  of  the  first,  -2i'a/'',  "  The  name  may  not  be  a  good  one, 
for  the  function  is  not  a  moment,  and  it  is  not  inertia."  That 
was  well  said.  And  what  shall  we  call  tliis  moment  of  inertia 
when  reduced  to  figures  ?  It  is  amusing  at  first  and  then 
alarming  to  note  the  straits  to  which  even  our  best  writers  on 
engineering  mechanics  are  driven  to  find  a  suitable  name,  for 
we  all  feel  a  natural  craving  for  some  kind  of  name.  Thus,  Pro- 
fessor Church  (^Mechanics  of  Engineering,  ]y.  4ii^^)  states  the  mo- 
ment of  inertia  of  a  plane  figure  in  terms  of  "  biquadratic 
inches  "  ;  and  Professor  Merrimau  {Mechanics  of  Materials,  p. 
57)  gives  the  moment  of  inertia  of  the  cross  section  of  an  I 
beam  in  term  of  "  inches  V'  <^i"  inches  to  the  fourth  power.  An- 
other illustration  of  a  somewhat  different  nature  of  the  difficulty 
growing  out  of  the  use  of  that  convenient  abstraction,  ^a?"\  is 
found  in  Professor  Hoskins'  {Gra2)hiG  Statics^  p.  159)  definition  of 
"the  moment  of  inertia  of  a  force";  but  he  frankly  confesses 
that  "  It  is  only  in  the  case  of  masses  that  the  term  '  moment  of 
inertia '  is  really  appro^^riate." 

In  my  paper  on  the  "  Moment  of  Resistance  "  (A.  S.  M.  E.,  vol. 
xviii.)  I  show  how  to  find  the  resisting  moment  of  a  beam  directly 
from  the  cross  section ;  and,  in  the  case  of  a  rectangular  beam,  it 
is  ^  =^  shcT,  in  which  s  is  the  stress  in  pounds  per  square 
inch   in    the   extreme    fibre,  h   the    breadth,   and   d   the    depth. 

The    old    and    accepted    method     makes    R  =  =  —  = 

e  e 

s    hd^ 

—  •-— r  —^shd"^.     The  result  is  the  same  in  form,  but  the  labor 

^d   Va 

must  always  be  greater,  since  R  can  be  tabulated  as  readily  as 
^ar.  And,  by  treating  the  question  purely  as  a  question  in 
statics,  the  numerical  result  becomes  at  once  the  moment  of  a 
force  in  pounds  at  unit  distance  from  the  axis. 

For  a  distinction  between  ^mr"^  and  ^i/rr'  affording  food  for 
thought  I  would  cite  Rankine's  AjjpUed  Mechanics,  p.  514;  and 
he  further  says  that  when  the  term  is  used  in  the  strict  sense, 
the  "  moment  of  inertia  will  be  expressed  by  the  product  of  a  cer- 
tain number  of  pounds  avoirdupois  into  the  square  of  a  certain 
number  oifeetr     But  what  shall  the  numerical  result  be  called? 
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Wei'sbacli  {Theoretical  Mechanics^  pp.  57G-578)  uses  acceleration 
in  Lis  analysis,  but  omits  it  in  the  result,  and  says  the  moment  of 
inertia  of  a  mass  m  is  lo  —  mr'^.  He  speaks  incidentally  in  an 
example  of  a  "  moment  of  inertia  of  50  foot-pounds."  In  the 
method  adopted  in  this  paper,  the  rotation  of  a  rigid  body  about 
an  axis  is  kept  in  mind  throughout,  while  mass  and  acceleration 
are  not  only  nsed^  but  retained.  Consequently,  the  numerical  result 
is  shown  to  be  the  moment  of  a  force  in  pounds  at  one  foot  from 
the  axis  of  rotation,  which  is  equivalent  to  the  actual  system  of 
forces  required  to  impart  to  the  given  body  the  desired  accelera- 
tion. Again,  the  value  of  I  can  be  as  readily  tabulated  as  ^mr^ 
or  2ior'^^  and  in  use  part  of  the  mental  labor  of  substitution  is 
saved. 

Moreover,  w^here  is  the  confusion  of  ideas  charged  ?  Treating 
these  questions  as  I  have,  shows  that  the  resisting  moment  of  a 
beam  under  a  static  load  and  the  moment  of  inertia  of  a  rotating 
body  both  reduce  to  a  moment  measured  in  foot-pounds  or 
in  inch-pounds.  Over  against  this  you  must  place,  on  behalf 
of  the  accepted  theories,  biquadratic  inclies,  inches",  pounds  avoir- 
dupois into  the  square  of  a  certain  number  of  feet,  and  so  on. 

In  answer  to  the  objection  raised  by  Mr.  Kingsbury,  the  cen- 
tres of  percussion  and  oscillation  apparently  do  coincide  as  shown 

by  the  equation  S  =  P  =  -j-  +  I).     But  suppose  that  a  circular 

disk  is  rotated  about  an  axis  parallel  to  the  axis  of  its  cylinder, 
and  that  the  two  axes  are  caused  to  approach  and  finally  to  coin- 
cide, the  values  of  S  and  P  remain  equal  and  increase  to  infin- 
ity as  the  axes  coincide.  At  this  point,  as  an  oscillating  body, 
the  disk  will  cease  to  oscillate  ;  but  as  a  rotating  body,  the  disk 
may  continue  to  rotate  with  the  initial  angular  velocity.  Rankine 
says  {A'pjjlied  Mechanics,  p.  522):  '*  No  centre  of  percussion  exists 
when  the  axis  traverses  the  centre  of  gravity  of  the  body."  But 
the  body  rotates ;  and  how  shall  it  be  stopped  without  shock  on  the 
axis  as  before  ?  The  analysis  illustrated  by  Fig.  63  of  this  paper 
shows  that  the  force  Fq,  applied  at  the  centre  of  percussion,  con- 
stitutes with  Fq  a  couple  whose  moment  is  always  equal  and 
opposite  to  that  of  Fg,  Fg\  This  latter  couple  still  exists  when 
the  axis  coincides,  and  may  be  opposed  by  another  couple,  T,  T\ 
of  equal  moment  as  in  Fig.  64.  The  true  centres  of  percussion 
in  this  case  are  the  centre  of  percussion  of  the  wedge-shaped  mass 
between  two  radial  planes,  subtended  by  a  small  angle.     The  fact 
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seems  to  be  that  a  rotating  body,  if  stopped  without  shock  at  the 
jixis,  is  always  stopped  by  a  couple,  aud  not  by  a  single  force. 
Hence,  when  a  body  rotates  about  the  gravity  axis,  the  centre  of 
oscillation  is  at  infinity,  while  the  centre  of  percussion  is  within 
the  bod}'. 

So  far  as  now  definitions  of  terms  are  concerned,  enough   has 
been  said.     As  a  whole,  the  method  used  is  original  with  me,  and 
this  paper  on  the  moment  of  inertia  is  the  final  expression  of  an 
idea  that   has  gradually   developed  during  the   past   ten   years.  ^ 
The  graphical  method  evolved  for  solving  the  general  equation, 

I  =  /  (hii  a  x^  +  I  dm  a  tf  +  I  dma  D"^^  has  been   a  source  of 

genuine  pleasure  to  me  on  account  of  its  simplicity  and  com- 
prehensiveness. It  constitutes,  moreover,  a  long  step  toward  a 
possible  science  of  graphical  dynamics.  Much  time  and  labor 
have  been  spent  in  my  efforts  to  put  life  into  these  concepts  of 
mechanics,  but  I  believe  the  results  are  stable  and  useful. 
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(Member  of  the  Society.) 

Of  late  years  the  failures  of  large  fly- wheels  have  become 
alarmingly  common.  Every  month  brings  its  record  of  one  or 
more  disasters  of  this  sort,  some  of  them  entailing  loss  of  life  and 
serious  destruction  of  property.  It  is  not  the  purpose  of  this 
paper  to  discuss  the  causes  of  such  accidents,  further  than  to 
notice  the  fact  that  the  high  belt  speeds  and  close  regulation 
required  in  electric  plants  have  been  indirectly  responsible. 
Many  of  the  fly-wheels  have  failed  on  account  of  excessive  speed 
due  to  disarrangement  of  the  governor  and  consequent  racing  of 
the  engine.  In  some  instances  it  has  been  difl&cult  to  determine 
the  cause  on  account  of  the  destruction  and  excitement  at  the 
moment.  In  no  small  number  of  instances,  however,  the  wheels 
have  burst  at  speeds  but  slightly  above  the  normal  and  when  the 
factor  of  safety  was  apparently  ample. 

Mr.  James  Stanwood,  of  this  Society,  was  the  first  to  point  out 
the  condition  of  stress  existing  in  a  fly-wheel  rim  and  to  show 
that  the  bending  due  to  centrifugal  force  might  reduce  very  ma- 
terially the  bursting  speed. t  This  subject  was  further  developed 
by  Professor  Lanza,  and  the  j)robable  amount  of  stress  due  to 
bending  was  indicated  as  well  as  its  effect  upon  rim  joints.  J  It 
occurred  to  the  writer  that  a  series  of  experiments  on  small  cast- 
iron  wheels  might  throw  some  light  on  the  causes  of  failure  and 
lead  to  more  rational  formulas  for  design. 

The  quality  of  the  metal  in  a  small  wheel  is  better  than  in  a 
large,  and  the  stresses  due  to  uneven  cooling  are  much  less. 
The  linear  speed  of  rim  at  which  a  large  wheel  will  burst  will 
therefore  be  less  than  that  obtained  by  experiments  on  small 
wheels. 

*  Presented  at  the  New  York  meeting  (November,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
\  Transactions  A.  S.  M.  E.,  vol.  xiv.,  p.  251. 
X  Transactions  A.  S.  M.  E.,  vol.  xvi.,  p.  208. 
14 
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The  experiments  jibout  to  be  described  were  couducted  under 
the  ininiedijite  direction  of  the  writer  at  the  laboratories  of  Case 
School  of  Applied  Science,  and  he  was  present  at  the  bursting 
of  nearly  every  wheel.  Acknowledgment  should  be  made  of  the 
services  of  the  students  who  carried  out  the  experiments,  Messrs. 
Bishop  and  French  of  the  class  of  '97  and  the  Messrs.  Emrich, 
of  the  class  of  '98.  Without  tlieir  intelligent  and  faithful  assist- 
ance the  work  could  not  have  been  done. 


The  w^heels  w^ere  all  of  cast  iron  and  were  clean,  perfect  cast- 
ings. Two  diameters  were  used,  fifteen  and  twenty-four  inches, 
and  each  wheel  was  a  scale  model  of  some  actual  fly-wheel  de- 
signed by  a  reputable  firm.  The  wheels  numbered  1  to  10  had 
solid  rims  with  the  exception  of  No.  5.  Wheel  No.  11  was  a 
special  wheel,  as  will  be  explained  later.  The  wheels  numbered 
12  to  17  had  each  two  joints  in  the  rim  and  were  24  inches  in 
diameter.  All  the  wheels  numbered  from  1  to  10  were  reduced 
models  of  a  solid-rim  fly-wheel  10  feet  in  diameter  now  in  use  on 
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a  1*2  X  30  Allis-Corliss  engine  in  the  laboratory.  The  wheels  num- 
bered 12  to  15  were  models  of  the  same  wheel  on  a  larger  scale, 
with  rim  joints  designed  by  the  writer.  The  two  wheels  num- 
bered 16  and  17  were  models  of  the  fly-wheel  of  a  Corliss  blow- 
ing engine.  Reference  to  the  various  cuts  will  show  the  general 
appearance  of  the  various  wheels  tested  before  and  after  break- 
ing. Tables  I.  and  III.  give  the  dimensions  of  the  wheels  in 
detail. 

To  give  to  the  wheels  the  speed  necessary  for  destruction,  use 


was  made  of  a  Dow  steam  turbine  capable  of  being  run  at  any 
speed  up  to  10,000  revolutions  per  minute.  The  turbine  shaft 
was  connected  to  the  shaft  carrying  the  fly-wheels  by  a  brass 
sleeve  coupling,  loosely  j)inDed  to  the  shafts  at  each  end  in  such 
a  way  as  to  form  a  universal  joint,  and  so  proportioned  as  to 
break  or  slip  without  injuring  the  turbine  in  case  of  sudden 
stoppage  of  the  fly-wheel  shaft.  Fig.  73  shows  clearly  the 
arrangement  of  wheel  and  turbine. 

One  experiment  with   a  shield  made   of  two-inch  plank  (see 
Fig.  74)  convinced  us  that  safety  did  not  lie  in  that  direction,  and 
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in  succeeding  experiments  with  the  tifteen-inch  wheels  a  bomb- 
proof constructed  of  0x12  inch  white  oak  was  used.  The  first 
experiment  with  a  twenty-four-inch  wheel  showed  even  this  to 
be  a  flimsy  contrivance,  as  may  be  seen  by  Figs.  75  and  7G,  from 
photographs  taken  immediately  after  the  explosion  of  wheel 
No.  11.  In  all  subsequent  experiments  a  shield  made  of  12  x  12. 
inch  oak  was  used,  as  shown  in  Fig.  77,  which  represents  the 


apparatus  as  employed  on  wheels  Nos.  12  to  17.  Even  this 
shield  was  split  repeatedly  and  had  to  be  reenforced  by  bolts. 
The  brick  piers  of  the  basement  furnished  havens  of  refuge 
for  the  experimenters,  and  no  accidents  occurred,  but  sundry 
holes  in  the  brick  wall,  broken  hangers,  and  riddled  belting  re- 
main as  souvenirs  of  the  spiteful  force  of  the  flying  fragments. 
The  wheels  w^ere  usually  demolished  by  the  explosion,  as  may 
be  seen  from  the  cuts.  No  crashing  or  rending  noise  was  heard, 
only  one  quick,  sharp  report,  like  a  musket  shot. 


THE   BURSTING    OF   SMALL   CAST-IRON  FLY-WHEELS. 


218 


The  determination  of  the  speed  offered  some  difficulties  at  first, 
it  being  too  great  for  the  successful  use  of  a  counter  or  tachometer. 
A  commutator  of  one  break  was  arranged  on  the  fly-wheel 
shaft,  and  this  connected  through  the  battery  circuit  with  an  ear- 
phone in  an  adjoining  room.  This  arrangement  worked  satis- 
factorily, giving  a  clear,  musical  tone,  and  the  number  of  vibra- 
tions corresponded  closely  to  the  speed  as  measured  by  a  reduc- 
ing counter  shaft  and  speed  counter.  The  commutator  and  the 
apparatus  used  in  testing  it  are  shown  in  Fig.  73.  It  was  soon 
discovered  that  the  audible  tone  produced  by  the  machine  itself 


Fi(i.  76 


when  running  at  a  high  speed  corresponded  exactly  to  the  tone 
in  the  ear-phone,  and  consequently  tlie  ear-23hone  was  discarded. 
Two  observers,  having  trained  musical  ears  and  provided  with 
tuning  forks,  had  no  difficulty  in  determining  the  pitch  within 
half  a  tone,  the  quarter  tones  being  estimated.  The  error  due 
to  this  method  did  not  exceed  five  per  cent.,  and  was  probably 
less  than  if  an  attempt  had  been  made  to  get  the  speed  with  a 
tachometer.  The  bursting  speed  of  the  wheels  having  rim  joints 
was  too  low  to  produce  a  musical  tone  with  any  distinctness,  and 
it  became  necessary  to  resort  to  the  tachometer.  It  was  not 
deemed  safe  for  the  observers  to  apply  the  instrument  directly 
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to  tlio  fly-wlieel  shaft,  and  a  counter  sliaft,  reducing  the  speed 
from  two  to  three  times,  was  employed.  Wooden  pulleys  were 
used,  connected  by  a  band  consisting  of  several  thicknesses  of 
electrical  tape.  Careful  observations  convinced  the  writer  that 
there  was  no  ap])reciable  slip. 

The  tachometer  used  was  of  the  usual  rotary  pendulum  type. 


and  was  calibrated  several  times  by  comparison  with  a  speed 
counter. 

Fifteen- Inch  Wheels. 

Test  pieces  cast  from  the  same  ladle  as  these  wheels  were 
broken  in  the  testing  machine,  and  the  following  average  values 
obtained  for  the  breaking  strength  : 

Tension,  19,000  pounds  per  square  inch. 
Cross-breaking,  39,000  pounds  per  square  inch. 

These  wheels  were  all   turned  on   the  face    and   edges    of  the 
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rim,  and  were  carefully  balanced  by  winding  copper  wire  around 
the  arms  near  the  rim. 

Wheels  Nos.  1  and  2  were  practically  identical  in  size  and 
shape,  as  may  be  seen  by  Table  I.,  and  broke  at  the  same  speed, 
viz.,  6,525  revolutions  per  minute,  or  a  rim  speed  of  430  feet 
per  second. 

Fig.  78  shows  the  appearance  of  No.  2  after  rupture. 

Nos.  3  and  4  were  similar  to  the  preceding,  save  that  the  rims 
were  turned  down  thinner.  Xo.  3  burst  at  a  speed  of  6,035 
revolutions  per  minute,  or  a  rim  speed  of  395  feet  per  second,  and 
No.  4  at  5,872  revolutions  per  minute,  or  380  feet  per  second. 
The  rims,  being  thinner,  bent  more  between  the  arms,  so  that  the 


rims  failed  at  a  less  speed.  Fig.  79  shows  the  appearance  of 
No.  3  after  rupture.  The  shape  of  fracture  at  the  outer  ends  of 
the  arms  in  all  the  wheels  usually  indicated  that  the  rim  broke 
first  midway  between  the  arms,  and  that  then  the  two  parts  of 
the  rim  flew  outward  and  broke  off  at  the  arm. 

Wheel  No.  5  had  two  joints  in  the  rim  at  opposite  extremities 
of  a  diameter.  The  strength  of  the  joint  was  designed  to  be 
one-third  the  tensile  strength  of  the  solid  rim,  but  the  wheel 
burst  at  only  2,925  revolutions  per  minute  with  a  centrifugal 
tension  of  less  than  one-fourth  that  of  the  solid  wheels. 

Nos.  6,  7,  and  8  had  only  three  arms,  every  other  arm  hav- 
ing been  removed  from  the  pattern  before  casting.  The  object 
of  this  was  to  show  more  clearly  the  bending  of  rim  due  to 
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centrifugal  force.  These  three  wheels  hurst  at  speeds  of  5,G00, 
G,2()0,  and  5,709  revolutions  per  minute  respectively.  The  figures 
for  No.  ()  were  obtained  with  a  tachometer  and  are  doubtful, 
being  probably  too  low.     AVlieel  No.  G  is  sliown  in  Fig,  80. 


Wheels  Nos.  9  and  10  were  of  the  original  six-armed  type,  but 
with  rims  turned  down  to  exceeding  thinness,  as  shown  in 
Table  I.     They  each  burst  at  a  speed  of  5,709  revolutions  per 


minute,  or  at  rim  speeds  of  365  and  361  feet  per  second  respec- 
tively, a  reduction  of  over  16  per  cent,  from  Nos.  1  and  2. 

These  results  are  summarized  in  Table  II.  An  examination 
of  the  column  containing  the  values  of  v  in  feet  per  second  will 
show  that  as  the  segments  of  the  rim  between  the  arms  become 
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weaker  as  beams,  either  tbrougli  increase  of  length  or  decrease 
of  thickness,  there  is  a  falling  oft'  in  the  bursting  speed. 

To  determine  to  what  extent  the  strength  is  affected  by  bend 

ing,  values  of  ^^  have  been  calculated.     As  has  been  shown  by 

Mr.  Stanwood  in  the  paper  before  referred  to,  this  expression 
represents  approximately  the  tensile  stress  on  the  square  inch 
of  section  of  rim  due  to  the  centrifugal  force,  for  cast  iron.  By 
comparing  these  values  with  the  tensile  strength  of  the  iron 
before  noted,  viz.,  19,000  pounds  per  square  inch,  the  amount 
of  stress  due  to  bending  may  be   estimated.      This    difference 


varies  from  500  pounds  per  square  inch  in  Nos.  1  and  2  to 
nearly  6,000  pounds  per  square  inch  in  Nos.  9  and  10 — being 
greatest  in  the  wheels  with  thin  rims  or  few  arms.  None  of 
these  wheels,  however,  except  No.  5,  would  have  been  unsafe  at 
the  usual  limit  for  fly-wheel  rims  of  100  feet  per  second.  Wheel 
No.  10  would  have  had  a  factor  of  safety  of  over  12  at  that  speed. 

Twenty-four- Inch   WJieels. 

All  the  wheels  numbered  from  11  to  17  were  of  the  above 
diameter.  No.  11  was  a  special  wheel  which  had  been  in  actual 
use.  This  wheel  burst  at  3,670  revolutions  per  minute,  or  a 
peripheral  speed  of  385  feet  per  second,  which  corresponds  well 
with  the  average  speed  of  the  15-inch  wheels.  The  explosion 
was  very  violent,  and  completely  wrecked  the  shield,  as  shown 
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in  Figs.  75  and  76.     The  quality  of  the  iron  was  unknown,  save 
that  it  appeared  clean  and  close-grained. 

Flanged  Joints. 

The  wheels  numbered  12  to  15  were  of  the  same  model  as  the 
15-inch  wheels  on  a  larger  scale,  but  each  wheel  had  two  inter- 
nal flange  joints  in  the  rim,  midway  between  the  arms,  as  shown 


in  Fig.  81.  The  joints  were  all  carefully  planed  and  the  holes 
drilled  to  match.  The  wheels  were  not  turned  on  the  face,  but 
were  balanced  the  same  as  the  others.  In  none  of  the  experi- 
ments was  there  any  shaking  or  tremor,  only  a  dull  roar  of  in- 
creasing intensity,  then  a  single  sharp  report  and  quiet,  except 
for  the  hum  of  the  relieved  turbine. 

The  proportions  of  the  flanges  and  bolts  are  given  in  Table 
IV.  The  bolts  used  were  of  steel,  and  samples  of  each  broken 
in  the  testing  machine  gave  the  results  shown  in  the  table. 
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Wheel  No.  12  burst  at  a  speed  of  less  than  1,800  revolutions 
per  minute,  but  the  exact  speed  was  not  recorded.  The  flanges 
broke,  as  shown  in  Fig.  82,  but  the  bolts  were  uninjured,  except 
for  a  slight  stretching. 

No.  13  was  a  duplicate  of  No.  12  in  every  way,  and  burst  at 
1,760  revolutions  per  minute,  or  184  feet  per  second.  Fig.  83 
shows  the  joints  after  rupture  :  the  bolts  uninjured,  but  the 
fiang-es  broken  through  the  bolt  holes.  The  flanges  of  the  pat- 
tern were  then  strengthened  by  adding  i  inch  to  the  thickness, 
the  bolts  remaining  the  same. 

Wheel  No.  14  burst  at  1,875  revolutions  per  minute  with  a 
rim  speed  of  196  feet  per  second,  in  this  case  the  bolts  failing, 
as  shown  in  Fig.  84.  This  cut  is  interesting  as  showing  clearly 
the  bending  action  of  the  centrifugal  force  on  the  bolts,  using 
the  inner  edge  of  the  flange  as  a  fulcrum.  This  joint  failed  first; 
the  wheel  then  opened  like  an  oyster,  fracturing  the  rim  on 
each  side  of  the  joint  opposite,  the  latter  joint  being  left 
intact. 

In  No.  15,  bolts  f  inch  in  diameter  were  used,  and  the  wheel 
failed  at  1,810  revolutions  per  minute,  or  a  rim  speed  of  190  feet 
per  second.  In  this  experiment  the  flanges  of  one  joint  were 
badly  broken,  as  may  be  seen  from  Fig.  83,  the  bolts  remaining 
whole.  The  second  joint  was  uninjured,  as  in  No.  14.  The 
broken  bolt  seen  in  the  cut  came  from  the  hub  and  should  not 
appear.  A  close  inspection  of  the  two  bolts  in  foreground  of 
the  cut  shows  them  to  be  nearly  sheared  off  at  the  joint,  a  phe- 
nomenon which  is  interesting,  but  which  the  writer  is  unable  to 
explain.  It  would  indicate  that,  as  the  bolts  stretched  and  the 
joint  loosened,  one  side  of  the  joint  was  more  affected  by  the 
centrifugal  force  than  the  other,  causing  a  shearing  action  in 
the  joint. 

Fig.  86  shows  the  condition  of  the  shaft  and  hub  at  the 
close  of  this  experiment,  a  discouraging  feature  of  this  sort  of 
work. 

The  results  are  summarized  in  Table  Y.  It  will  be  noticed 
that  the  rim  speed  is  about  one- half  that  of  a  solid  wheel,  and 
therefore  the  centrifugal  tension  about  one-fourth.  The  joints 
in  all  the  wheels  were  carefully  made,  and  were  relatively 
stronger  than  many  joints  in  fly-wheels  which  are  running 
to-day  in  our  mills  and  shops.  The  centrifugal  tension  at  the 
joint  would  be  greater  than  that  given   in  Table  Y.  on  account 
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of  the  wcught  of  iljinjjjcs  and  bolts.  At  ;l  rim  speed  of  100  feet 
per  second  tlies(^  wluuds  would  liave  a  factor  of  safety  of  about 
3/''y,  which  is  altogether  too  small. 


Linked  Joinls. 

Wheels  numbered  16  and  17  were  of  the  familiar  rolling- 
mill  type,  with  the  joints  connected  by  steel  links  over  cast-iron 
lugs,  as  shown  in  Fig.  87,  the  links  being  heated  and  shrunk  on. 

The  dimensions  of  the  lugs  and  links  are  given  in  Table  VI. 

Wheel  No.  16  had  three  links  to  each  joint,  one  on  each  face 
and  one  inside.  This  wheel  burst  at  a  speed  of  3,060  revolu- 
tions per  minute,  or  320  feet  per  second.  Each  joint  broke  on 
one  side,  through  the  rim,  without  shearing  the  lugs  or  break- 
ing the  links,  as  may  be  seen  from  Fig.  88. 

In  No.  17  the  link  was  omitted  from  the  inner  lug,  leaving  but 
two  links  to  each  joint.  This  wheel  burst  at  a  speed  of  2,750 
revolutions  per  minute,  or  290  feet  per  second,  in  the  manner 
shown  in  Fig.  89.  On  one  side  the  rim  broke  as  in  No.  16  ;  on 
the  other  side  the  lugs  failed  by  breaking  off.  It  is  impossible 
to  say  which  joint  failed  first.  It  is  thus  seen  that  No.  16,  with 
three  links,  broke  at  a  speed  ^^  per  cent,  in  excess,  and  No.  17, 
with  two  links,  at  a  speed  over  50  per  cent,  in  excess  of  that  of 
the  wheels  with  flanged  joints. 

From  the  summary  in  Table  YII.  it  will  be  noticed  that  the 
strength  of  the  rim  at  the  weakest  section  is  apparently  in 
excess  of  the  strength  of  the  links,  whereas  it  was  the  rim  that 
failed  in  each  case.  It  must,  however,  be  remembered  that  the 
links  were  under  direct  tension,  while  the  rim  was  subjected  to 
l^ending  in  addition. 

At  100  feet  per  second  the  factors  of  safety  for  Nos.  16  and  17 
would  be  10^  and  8f\j  respectively. 

Conclusions. 

1.  Fly-wlieels  with  solid  rims,  of  the  proportions  usual  among 
engine  builders  and  having  the  usual  number  of  arms,  have 
a  sufficient  factor  of  safety  at  a  rim  speed  of  100  feet  per  second 
if  the  iron  is  of  good  quality  and  there  are  no  serious  cooling- 
strains. 
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In  such  wheels  the  beudiug  due  to  centrifugal  force  is  slight, 
and  may  safely  be  disregarded. 

2.  Rim  joints  midway  between  the  arras  are  a  serious  defect 
and  reduce   the  factor  of  safety  very  materially.     Such  joints 


are  as  serious   mistakes  in  design  as   would  be  a  joint  in  the 
middle  of  a  girder  under  a  lieavy  load. 

3.  Joints  made  in  the  ordinary  manner,  with  internal  flanges 
and  bolts,  are  probably  the  worst  that  could  be  devised  for  this 
purpose.  Under  the  most  favorable  circumstances  they  have 
only  about  one-fourth  the  strength  of  the  solid  rim  and  are 
particularly  weak  against  bending. 
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In  several  joints  of  tliis  character,  on  large  fly-wheels,  calcu- 
lation has  show^n  a  strength  less  than  one-fifth  that  of  the  rim, 

4.  The  type  of  joint  exemplified  in  Nos.  16  and  17  is  probably 
the  best  that  could  be  devised  for  narrow-rimmed  w^heels  not 
intended  to  carry  belts,  and  possesses,  when  properly  designed, 
a  strength  about  two-thirds  that  of  the  solid  rim. 
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It  is  gratifying  to  notice  the  fact  that  since  the  subject  of 
joints  in  fly-wheel  rims  has  been  so  thoroughly  ventilated  dur- 
ing the  discussions  before  this  Society,  several  of  our  prominent 
engine  builders  have  changed  the  designs  of  their  wheels  by 
bringing  the  rim  joints  opposite  the  ends  of  the  arras. 

Tlie  experiments  wdiich  have  just  been  described,  although 
at  times  a  trifle  too  exciting,  w^ere  interesting  from  first  to  last. 
The  writer  hopes  to  supj)lement  them  by  others  on  models  of 
the  more  recent  rim  joints,  and  would  be  glad  to  receive  any 
suggestions. 

The  more  this  subject  is  agitated,  the  less  shall  we  have  occa- 
sion to  mourn  the  destruction  of  life  and  property  on  account  of 
faults  in  the  design  of  this  most  necessary  element  of  the  steam 

engine. 

TABLE  I. 
Fifteen-Inch  Wheels. 


] 

RlM. 

Arms. 

Weight  of 

No. 

Wheel, 

Style. 

Diameter, 
Inches. 

Br'dth. 
Inches. 

Depth, 
Inches. 

Arcn, 
Sq.  Inches. 

No. 

Area, 
Sq.  Ins. 

Pounds. 

1 

Solid 

11 

2 

.70 

1.4 

6 

.46 

20.87 

2 

t  ( 

1-.^ 

2 

.65 

1  3 

6 

.46 

20.44 

3 

<  ( 

(5 

2 

.615 

1.23 

6 

.46 

19.12 

4 

<( 

1411 

2 

.52 

1.04 

6 

.46 

16.62 

5 

Sectional 

103^2 

•  •  •  * 

6 

.46 

20.87. 

6 

Solid 

153^2 

2 

.69 

1.38 

3 

.46 

19.25 

7 

( ( 

15 

2 

.615 

1.23 

3 

.46 

16.56 

8 

(< 

14f 

2 

.475 

.95 

3 

.46 

13.68 

9 

<( 

14t 

U 

.400 

.75 

6 

.46 

12.68 

10 

<  I 

14i 

n 

.347 

.65 

6 

.46 

13.00 

TABLE   II. 
Fifteen-Inch  Wheels. 


Bursting 

Speed. 

Centrifugal 
Tension 

■?;2 

No. 

Remarks. 

Revs,  per 

Feet  per  Sec- 

^ "lO"* 

Minute. 

ond  —  V. 

1 

6,525 

480 

18.500 

2 

6,525 

430 

18,500 

3 

6.035 

395 

15,600 

Thin  rim. 

4 

5.872 

380 

14,400 

a          (( 

5 

2,925 

192 

3,700 

Joint. 

6 

5,600* 

368 

13,600 

Tliiee  arms. 

7 

6,198 

406 

16,500 

((                 a 

8 

5,709 

368 

13,600 

a                <  t 

9 

5.709 

365 

13,300 

Tbin  rim. 

10 

5,709 

361 

13,000 

a         I  i 

15 


*  Doubtful. 
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TAHLK  in. 
Twenty-four  Inch  AViiep:l8. 


ShAI'K    AM)    Sl/K    OF    lllM. 

Weight 

Wheel, 
rounds. 

No. 

Diatneter, 
Inches*. 

Breadth, 
Inches. 

Depth, 
Inches. 

1.5 

.75 
.75 
.75 
.75 

2.1 

2.1 

Area, 
Sq.  Indies. 

Style  of  Joint. 

11 
12 
13 
14 
15 
16 
17 

24 
24 
24 
24 
24 
24 
24 

2i 

4t'6 

4 
4 

4/« 
1.2 
1.2 

3.18 
3  85 
3.85 
3  85 
3  85 
2.45 
2.45 

Solid  rim. 

Internal  flanges,  bolted. 

1  (             < t             << 
(t             <<             »< 

Three  lugs  and  links. 
Two         "      " 

75.25 
93. 

91.75 
95. 
94  75 
65.1 
65. 

TABLE  IV. 
Flanges  and  Bolts. 


Flanges. 

Bolts. 

No. 

Thickness, 
Inches. 

Effective 
Breadth, 
Inches. 

Effective 

Area, 
Inches. 

No.  to 
Each 
Joint. 

Diameter, 
Inches. 

Total  Tensile 
strength. 
Pounds. 

12 
13 
14 
15 

^1 

b 
16 

2.8 
2.75 

2.75 
2.5 

1.92 

1.89 
2.58 
2.34 

4 
4 
4 
4 

1^6 

re 

^6 

16,000 
16,000 
16,000 
20,000 

By  Testing  Machine. 

Tensile  strength  of  cast  iron  =  19,600  pounds  per  square  inch. 
Transverse  sirengtli  of  cast  iron  =  46,600  pounds  per  square  inch. 
Tensile  strength  of  t^^  holts  —  4,000  pounds. 

Tensile  strength  of  |  bolts  =  5,000  pounds. 


TABLE   V. 
Failure  of  Flanged  Joints. 


No, 


11 
12 

13 

14 
15 


Area 
of  Eim, 
Sq.  Ins. 

3.18 

3.85 

3.85 
3.85 
3.85 

Effect. 

Total 

Area 

Strength 

Flausres, 

Bolts, 

Sq.  Ins. 

Lbs. 

i!92 

16,000 

1.89 

16,000 

2.58 

16,000 

2.34 

20,000 

Bursting  Speed. 


Rev.  per 
Min. 


3,672 

1,760 
1.875 
1,810 


Ft.  per 
Sec. 
=  V. 


385 

184 
196 
190 


Cent.  Tension. 

Per  Sq.  In. 

10* 

Total 
Lbs. 

14,800 

3,466 
3,850 
3,610 

47,000 

13,100 
14,800 
13,900 

Remarks. 


Flange  broke. 

<  (  (( 

Bolts  broke. 
Flange  broke. 


THE    13UKSTING   OF   SMALL   CAbT-lKON    FLY-WIIiJ.I.S. 


227 


TABLE  VL 
Linked  Joints. 


Lugs. 

Links. 

Rim. 

Xo. 

Breadth, 
Ins. 

Length, 
Ins. 

Area, 
Sq.  Ins. 

Number 
Used. 

Effect. 

Breadth. 

Ins. 

Thickness, 

IllS. 

Effective 

Area, 
Sq.  Ins. 

Max. 

Area, 
Sq.  Ini*. 

Net 

Area, 

Sq.  Ins. 

IG 
17 

.45 
.44 

1.0 

.98 

.45 
.43 

3 

2 

.57  . 
.54 

.327 
.380 

.186 
.205 

2.45 
2.45 

1.98 
1.98 

By  Testing  Machine. 

Tensile  strength  of  cast  iron  =  19,600. 

Transverse  strength  of  cast  iron  =  40,400. 

Av.  tensile  strength  of  each  link  =  10,180. 


TABLE  Vn. 
Failure  of  Linked  Joints. 


Strength 

of 

Links, 

Lbs. 

Strength 

of 

Rim, 

Lbs. 

Bursting  Speed. 

Cent.  Tension. 

No. 

Rev. 

per 

Min. 

Ft.  i)er 
Sec. 

Per  Sq.  In. 

-  ^^  . 
10  ' 

Total. 

Remarks. 

16 

17 

30,540 
20,360 

38.800 
38,800 

3,060 
2,750 

820 
290 

10,240 
8,410 

25.100 
20,600 

Rim  broke. 

Lugs  and  rim  broke. 

DISCUSSION. 

M/\  Arihur  J.  Frith. — The  paper  by  Mr.  Benjamin  is  exceed- 
ingly interesting,  emphasizing  faults  in  fly-wheel  construction,  to 
which  our  attention  has  been  previously  called  by  Mr.  Stanwood 
and  Professor  Lanza  in  our  own  Society,  and  by  Professor  Unwin 
ill  his  treatise  on  the  subject.  The  illustrations  of  fly-wheels  and 
joints  actually  destroyed  under  known  conditions  are  suggestive 
of  ideas  and  remedies,  and  Mr.  Benjamin's  remark,  in  his  conclud- 
ing paragraphs,  that  he  w^ould  be  glad  to  receive  any  suggestions 
for  further  experiments  is  my  excuse  for  this  discussion. 

Professor  Unwin  points  out  that  in  fly-wheels'  the  centrifugal 
force  tends  to  bow  the  rim  between  the  arms  and  gives  formulae 
for  determining  the  varying  tensions  in  the  rim,  the  extension  of 
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the  arm,  and  tlio  bending  moments  of  the  rim  caused  by  this 
inward  pull. 

The  mathematical  complexities  of  these  formulso,  however,  are 
not  inviting,  and  all  refer  to  the  strains  caused  in  a  circuLar  rim 
of  uniform  section  by  its  efforts  to  assume  a  form  for  which  it  was 
not  designed.  Would  it  not  be  more  rational,  therefore,  so  to 
shape  the  curve  of  the  rim  that  it  will  keep  its  shape  under  strain, 
and  have  the  least  possible  tendency  to  cause  bending  moments  ? 
This  is  especially  desirable  in  cast-iron  construction,  a  material 
which  is  ill  adapted  to  withstand  bending.  To  be  brief,  if  the  rim 
were  perfectly  flexible,  such  as  chain,  and  uniformly  loaded  with 
the  centrifugal  force,  it  w^ould  assume  between  the  arms  the  shape 
of  a  modified  catenar}-,  probably  an  ellipse  of  which  the  versine 
of  one-half  the  angle  of  the  arms  is  the  deflection,  and  of  which 
the  arms  are  the  piers. 

In  a  six-armed  wheel  the  angle  of  the  curve  with  the  vertical  at 
the  pier  line  is  60  degrees.  If,  however,  we  assume  any  catenary 
for  our  curve  wdth  a  known  pier  angle  of,  say,  55  degrees,  then 
knowing  the  direction  and  amount  of  centrifugal  force  at  the 
intersection  of  the  arms  and  rim,  we  easily  deduce,  from  a  parallelo- 
gram of  the  forces,  the  strain  in  each  arm  due  to  the  centrifugal 
force  of  the  rim,  to  resist  which,  it  and  its  fastenings  should  be 
figured  in  addition  to  that  due  to  change  of  speed  and  its  own  cen- 
trifugal force.  Between  the  arms  the  rim  will  assume  the  catenary 
curve  only  if  uniformly  loaded.  This  has  a  quicker  curve  at  the 
centre,  and  is  flatter  at  the  ends.  If  loaded  more  heavily  near  the 
piers,  the  result  would  be  quicker  curvature  at  the  pier  and  less 
towards  the  centre. 

Is  it  not  possible,  therefore,  in  a  solid  wheel  to  lay  out  from  the 
arms  a  parabolical  curve  with  the  pier  angles  slightly  less  than 
60  degrees  ?  Turn  the  outer  curve  of  the  rim  circular  and  balance 
the  area  of  the  rim  across  the  curve  of  strain.  This  would  make 
it  slightly  wider  at  the  arms,  but  the  area  could  be  kept  the  same 
by  coring  or  cutting  out  at  tlie  web.  Such  a  wheel  would  have  no 
tendency  to  change  its  shape  under  strain,  as  with  equal  unit 
strains  in  the  rim  and  arms  they  would  stretch  together.  Professor 
Unwin,  in  the  formula  of  the  rim  tensions,  shows  them  increasing 
towards  the  arms;  but  I  have  seen  no  suggestions  that  the  area 
of  material  should  increase  with  the  tension.  No  material  error 
would  arise  by  calculating  the  centre  rim  tension  from  a  para- 
bolical curve  used  in  rope  suspension,  taking  the  chord  as  the  span 
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and  the  versine  as  tlio  deflection.  The  formida  is  exceedingly 
simple,  and  in  a  six-arm  wheel  tlie  result  tallies  with  the  regular 
method. 

In  the  case  of  a  built-up  wheel  (Fig.  90),  if  the  outer  Hue  of  the 
rim  be  circular,  while  the  inner  line  between  the  arms  be  para- 
bolical or  elliptical,  with  a  deeper  deflection  than  the  versine,  then 
the  centre  tension  in  the  rim  calculated  by  the  parabolical  formula 
would  be  greatly  reduced,  and  by  intelligent  arrangement  of  the 


Benjamin 


Fig.  90. 


material  the  curve  of  resistance  could  be  made  to  lie  between  the 
inner  and  outer  rim  and  to  pass  directly  through  the  centre  of  the 
fastening ;  thus  it  would  have  little  tendency  to  change  its  shape. 
The  joint  would  be  placed  over  the  arms,  where  the  increased  depth 
allows  us  to  design  a  fastening  which  has  the  full  strength  of  the 
centre  of  the  rim,  an  advantage  of  very  first  importance ;  indeed, 
a  riveted  wrought-iron  plate  could  be  made  to  follow  the  inner 
curve  of  the  rim  to  resist  the  entire  tension,  simply  carrying  the 
cast-iron  centres  as  a  load.  In  a  later  paper  I  intend  to  further 
develop  this  idea  of  determining  the  fly-wheel  strain,  with  tabular 
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statements  of  tensions  and  such  methods  of  determining  the 
curves  as  I  may  be  able  to  develop. 

I  should  like  to  refer  to  a  fly-wheel  to  which  my  attention  was 
recently  called.  It  was  a  built-u[)  wheel  with  a  broad  face  for  a 
l)elt,  and  of  largo  diameter.  Tlie  centres  were  joined  midway 
between  the  arms  and  the  inner  side  of  the  rim  where  it  overhung 
the  arms,  and  between  were  stiffened  with  shallow  ribs  arranged 
in  squares.  The  engine  which  drives  this  wheel  broke  its  governor 
belt  and  raced,  but  was  stopped  before  any  damage  occurred. 
Afterwards  it  was  discovered  that  the  wheel  was  running  out  of 
true,  and  an  examination  showed  that  out  of  sixty-two  intersec- 
tions of  ribs  and  arms  that  could  be  broken  by  bending,  thirty-one 
were  cracked.  As  it  does  not  seem  reasonable  to  suppose  that  the 
wheel  had  started  to  break  and  had  been  stopped  before  the  frac- 
ture could  be  completed,  is  it  not  likely  that  the  rim,  rendered 
more  flexible  by  the  fractures  referred  to,  was  able  to  assume 
the  natural  curve  of  the  strains,  and  that  after  the  accident  the 
wheel  was  less  liable  to  further  fracture  than  before  the  ribs  had 
parted  ? 

In  short,  take  such  a  section  of  wheel  as  that  shown.  The 
rim  is  perfectly  circular  and  held  in  by  arms  through  the  cen- 
tre. A  circular  rim  will  only  keep  that  curve  as  long  as  all 
the  strains  are  in  the  rim.  As  soon  as  this  speeds  up,  the  rim 
stretches,  but  the  arms  do  not  stretch  ;  hence  the  rim,  being  held 
at  points,  bows  out  between.  Strains  are  caused  in  this  portion 
of  the  wheel  from  the  attempt  of  the  wheel  to  change  iis  shape 
from  that  for  which  it  was  designed.  In  such  a  case  as  this  the 
portion  of  the  wdieel  between,  with  the  four  ribs,  is  held  down  by 
the  arm ;  therefore  these  ribs  would  tend  to  crack  in  order  to 
allow  the  rim  to  bend  into  the  new  shape.  As  practically  50  per 
cent,  of  all  these  ribs  showed  incipient  cracks,  probably  just 
enough  gave  way  to  let  the  band  section  assume  the  curve  that  it 
ought  to  have  had  if  the  entire  rim  was  to  be  placed  in  tension. 
In  addition  to  this,  you  take  the  portion  that  is  overhung — that, 
when  it  is  speeded  up,  tends  to  stretch,  and  it  has  no  arm  to  hold 
it  back ;  therefore  it  stretches  and  goes  further  out  from  the  axle 
than  the  central  post.  That  would  tend  to  bend  these  side  ribs 
upwards,  and  we  find  that  every  one  of  these  ribs  has  the  incipient 
crack  where,  theoretically,  we  would  expect  it.  Therefore  the 
example  is  a  good  illustration  of  what  I  may  be  permitted  to  call 
the  rational  theory,  but  does  not,  to  me,  present  anything  remark- 
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able,  being  exactly  what  we  ought  to  have  expected.  If  we  are 
goiug  to  build  wheels  of  a  broad  face,  and  expect  them  to  be  held 
in  towards  the  hub  by  arms,  we  must  fasten,  the  arms  the  full 
width  of  the  rim.  In  other  words,  if,  as  I  have  been  trying  to 
bring  out,  we  should  figure  the  rims  of  flj^-wheels  not  as  you 
would  figure  a  boiler,  but  as  a  curve  that  is  under  strain  from  the 
radiating  lines  of  force,  each  section  takes  the  position  of  a 
pendent  rope.  But  the  first  condition  of  a  suspension  bridge  is 
that  it  shall  have  piers  to  support  it ;  a  condition  which,  in  a  wheel 
of  this  kind,  is  absent.  For  instance,  a  suspension  bridge  might 
be  made  by  taking  a  piece  of  boiler  plate,  bending  it  at  the  proper 
curve,  and  properly  loading  it.  What  would  be  thought  if  some  one 
should  then  support  that  plate  at  each  end  by  a  square  pier  right 
in  the  middle  of  its  width  ?  It  would  be  absurd,  because  it  would 
throw  the  strain  on  the  centre  section  of  the  plate.  Now,  this  is 
what  occurs  almost  universally  in  the  construction  of  pulleys  and 
band  fly-wheels.  We  put  a  rim  out  here,  which  is  to  withstand 
the  centrifugal  force  radiating  from  the  centre  when  disturbed 
by  the  arms,  and  support  it  at  one  point  midway  of  its  breadth, 
instead  of  across  the  entire  width  of  the  rim. 

Prof.  Forrest  B.  Jones, — The  lines  of  experiments  which  have 
been  taken  up  by  Professor  Benjamin  are  especially  valuable, 
since  they  are  in  a  direction  leading  toward  the  improvement 
and  increased  safety  of  what  has  become,  on  account  of  the  high 
speeds  of  recent  years,  a  somewhat  dangerous  part  of  machinery. 
The  strengthening  effect  of  the  arms  of  a  fly-wheel  seems  to  be 
shown  clearly  by  the  higher  speed  at  which  those  having  six  arms 
broke  in  comparison  with  that  of  those  having  three  arms.  That 
the  pulling-in  action  of  the  arms  on  the  rim  reduces  the  circumfer- 
ential tension  in  the  rim  due  to  centrifugal  force  is  unquestionably 
true ;  hence  increasing  the  number  of  arms  reduces  the  tensile 
stress  in  the  rim,  on  account  of  reducing  the  tension  due  to  cen- 
trifugal action,  as  well  as  reducing  the  bending  stress  due  to  the 
springing  out  of  the  rim  between  the  arms.  With  a  very  great 
number  of  arms  their  action  upon  the  rim  would  be  almost  the 
same  as  that  of  a  solid  web,  with  which  the  rim  might  be  cut  into 
numerous  sections  and  still  run  at  high  speed  without  fracture. 

Since  the  author  of  the  paper  invites  suggestions  it  does  not 
seem  out  of  the  way  to  call  attention  to  the  fact  that  experiments 
made  under  conditiqns  -similar  to  those  which  exist  in  operating 
fly  or  band  wheels  would  be  still  more  valuable  than  those  already 
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performed.  In  the  ones  ali'oady  made  it  appears  that  the  speed 
of  rotation  was  practically  uniform,  or  at  least  slowly  and  uni- 
formly increased,  and  that  there  were  no  sudden  fluctuations  of 
speed  such  as  occur  in  all  fly-wheels  to  some  extent,  and  is 
especially  marked  in  those  applied  to  rolling-mill  machinery  and 
frequently  in  wheels  which  are  attached  to  electric  generators  for 
power  service,  where  the  load  may  be  suddenly  increased  by  the 
throwing  into  operation  of  several  motors  almost  simultaneously 
or  by  short  circuits  and  grounds.  It  is  a  2)7'iina  facie  fact  that 
greater  stress  will  be  thrown  upon  some  parts  of  a  fly-wheel  when 
suddenly  checked,  as  by  the  operation  of  a  brake  to  its  shaft  while 
rotating  at  a  given  speed,  than  if  it  were  allowed  to  rotate  uni- 
formly at  that  speed.  And  it  might  often  occur  that  this  addi- 
tional stress  would  come  in  some  part  already  highly  stressed 
thus  causing  rupture,  which  would  not  occur  with  the  uniform  rota- 
tion of  the  wheel.  It  would,  therefore,  seem  that  experiments  con- 
ducted by  bringing  the  wheel  up  to  some  predetermined  speed, 
and  then  checking  its  rotation  by  the  application  of  a  brake  to 
its  shaft,  would  give  results  nearer  to  the  actual  safe  speeds  than 
those  obtained  by  uniform  rotation. 

The  conditions  which  are  commonly  met  in  the  practical  use  of 
band  wheels  could  be  paralleled  experimentally  by  having  an  auxil- 
iary pulley  with  a  belt  running  over  it  and  the  band  wheel  under 
test,  and  varying  the  resistance  to  rotation  of  the  driven  pulley  by 
a  brake  applied  to  its  shaft.  It  seems  probable  that  the  wheel 
under  test  would  often  be  broken  in  this  way  at  a  much  slower 
speed  than  when  rotating  uniformly. 

Doubtless  Professor  Benjamin  has  thought  over  all  this  matter, 
and  has  realized  the  increased  danger  and  expense  of  conducting 
experiments  more  complicated  than  those  already  made.  And 
probably  from  his  experience  he  has  realized  more  fully  than  any 
one  else  that  a  rapidly  rotating  fly-wheel  is  about  as  dangerous  as 
a  charge  of  dynamite,  with  all  the  conditions  favorable  for  its  ex- 
plosion at  any  instant,  and  that  one  may  well  hesitate  about  so 
complicating  the  apparatus  as  to  require  the  presence  of  any  one 
near  it  while  in  motion.  But  still  this  does  not  change  the  fact 
that  experiments  made  under  conditions  practically  analogous  as 
those  existing  when  rupture  has  accidentally  occurred  in  wheels 
in  actual  use,  would  be  the  most  valuable  that  could  be  made  in 
the  line  of  bursting  tests  upon  fly  and  band  wheels. 

Mr,  Wm,  Wallace  Christie. — Two   or  three   years   ago   I  con- 
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tlemiicd  a  fly-wheel  about  4  feet  G  inches  in  diameter,  for  12-inch 
double  belt,  turning  300  revolutions  per  minute,  because  it  turned 
out  of  truth  one-quarter  of  an  inch  at  the  circumference  in  a  direc- 
tion parallel  to  the  shaft — or,  in  other  words,  "  wobbled  "  one- 
quarter  of  an  inch. 

I  would  like  to  ask  how  much  of  a  sidewise  movement  may  be 
considered  safe  for  given  diameter,  speed,  and  weight  of  wheel 
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Fig.  91. 


The  wheel  in  question  was  taken  out  and  turned  true  on  its 
shaft,  and  is  running  at  the  present  time. 

Mr.  C.  Seymour  Diitton. — Professor  Benjamin's  account  of  his 
experiments  with  cast-iron  Avheels  is  not  only  of  general  interest, 
but  is,  unquestionably,  of  real  value  to  the  designer  of  large 
wheels ;  although,  as  the  author  indicates,  some  allowance  must 
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be  made  for  the  fact  that  small  castings  are  somewhat  stronger 
and  more  reliable  than  larger  masses  of  the  same  material. 

It  is  seldom  that  the  commercial  consideration  of  first  cost  can 
be  entirely  neglected  in  the  design  or  construction  of  any  machin- 
ery, and  the  expense  involved  in  fly-wheel  rims  of  wire  or  steel 
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plates  has  prevented  their  general  consiileration.  And  jet,  as 
Professor  Beujamiii  observes,  the  mortality  of  cast-iron  fly-wheels 
has  become  alarmingly  common. 

The  failures  being  practically  confined  to  wheels  having  jointed 
rims,  seem  to  indicate  tliat  these)  joints  are  usually  a  greater 
source  of  weakness  than  is  gt^nerally  realized,  and  that  solid  cast 
iron  rims  of  good  design  are  sufficiently  strong  for  any  ordinary 
requirements. 

Some  of  our  large  engineering  works  can  make  solid  wheels  of 
almost  any  desired  size  or  weight;  but,  unfortunately,  most  cases 
are  limited  by  the  requirements  of  railroad  transportation. 

In  consequence  a  common  practice  is  to  make  solid  wheels  up 
to  ten  feet  in  diameter,  from  ten  to  twenty  feet  in  halves,  and 
exceeding  tw^enty  feet  in  segments. 

Joints  being  thus  unavoidable,  they  should  be  made  as  harmless 
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Fig.  92. 


as  possible.  The  tangential  stress  is,  usually,  easily  provided  for  •, 
but  the  radial  force,  if  aggravated  by  the  weight  of  the  lugs  or 
flanges  for  the  connection  of  the  rim  midway  between  the  arms, 
seems  to  cause  nearly  all  the  trouble,  and  is  not  so  easily  handled. 
E/adial  tension  rods,  from  the  hub  to  the  joint  (Fig.  91),  are 
sometimes  used  to  counteract  this  force,  and  if  Professor  Benja- 
min should  continue  his  valuable  investigation,  I  would  suggest 
this  device  as  a  subject  for  a  test. 

Another  form  of  rim  joint  about  which  I  have  always  had  some 
curiosity  is  that  indicated  in  Fig.  92.  This  is  intended  for 
simple  fly-wheels  in  place  of  the  usual  linked  joint.  The  steel  tie- 
piece  extends  entirely  through  the  rim,  Avhich  is  reenforced  on  the 
inner  side  to  preserve  the  section. 

Possibly  the  best  solution  of  the  large-wheel  problem,  in  many 
cases,  may  lie  in  the  location  of  rim  joints  at  the  extremities  of 
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the  arms,  but  the  construction  of  two  joints  in  dilBferent  planes  at 
one  point,  and  of  the  necessary  strength,  will  not  always  be  found 
wholly  devoid  of  difficulty. 

If  any  of  the  students  of  the  Case  School  of  Applied  Science 
should  feel  disappointment  about  their  absence  from  certain  recent 
demonstrations  in  Manila  Bay  and  near  Santiago  de  Cuba,  I 
would  suggest  that  they  might  gain  a  considerable  degree  of  con- 
solation by  assisting  Professor  Benjamin  in  his  investigation  of 
wheels. 

Mr.  J.  B.  Stamoood. — It  occurs  to  me  to  ask  the  author  that  if 
he  has  further  experiments  of  this  nature  to  be  made,  he  should 
determine    the    relative    strength  of    wheels   having  their  joints 
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Fig.  93. 


Fig.  94. 


spaced  at  one-quarter  the  distance  between  the  arms  as  compared 
with  those  having  joints  midway  between  (Fig.  93).  Recently,  in 
wheels  made  in  halves,  I  have  placed  the  flanged  joint  in  this 
position,  which  corresponds  closely  to  the  plane  of  reversal  of  the 
flexure  in  a  beam  fixed  at  both  ends  and  uniformly  loaded.  At 
such  a  plane  there  is  no  bending  moment,  but  shear  only. 

In  connection  with  the  bursting  of  his  wdieel  No.  14:,  Professor 
Benjamin  shows  how  the  inner  edge  of  the  flange  acts  as  a  ful- 
crum for  the  bending  moment  resulting  from  centrifugal  force 
in  that  plane,  and  that  in  this  case,  wdth  heavy  lugs,  the  bolts 
failed  first.  In  this  connection  I  would  add  that  I  have  been 
making  the  flanged  lugs  very  deep  and  strong  (see  Fig.  94:),  in 
order  to  reduce  the  tension  on  bolts  to  a  minimum.  (The  bolts 
should  be  as  close  to  the  rim  as  possible.)  The  thickness  of  the 
flange  should  be  enough  to  resist  bending  moment. 

It  would  seem  that  Professor  Benjamin  might  undertake  a 
series  of  investigations  to  determine  the  proper  proportions  for 
bolts  and  flanges  of  rim  joints,  also  the  proper  location  of  such  a 


280 


THE    BURSTING    OF   SMALL   CAST-IRON    FLY-WHEELS. 


joint  to  givo  iho  luiixiimini  strength  to  the  rim.  I  believe  that  an 
experimental  determination  of  a  joint  of  maximum  strength  to  be 
very  desirable. 

Mr.  McBrith\—l  want  to  say  that  I  am  very  much  interested 
in  the  wheel  business  now.  I  have  some  interesting  data  here 
on  a  wheel  which  I  have  in  my  mind's  eye  that  I  want  to  lay  be- 
fore the  Society,  and  I  hope  they  will  be  the  means  of  bringing 
out  some  important  j^oints.  I  have  no  opinion  whatever  to  offer 
on  it  myself.  I  simply  submit  the  facts  to  the  experts.  I  have 
three  views  of  the  wheel  I  speak  of.  This  large  one  is  a  cross 
section  through  the  rim  at  the  point  of  the  arms  (Fig.  95).  Fig. 
96  is  an  inside  view  of  the  wheel  looking  from  the  centre  out 
towards  the  circumference,  showing  the  junction  of  the  arms  and 
the  rim,  and  also  the  connection  of  the  segments  between  the 
arms.  Fig.  97  is  a  side  view  of  one  arm  where  it  is  attached  to 
a   segment.     You   will   notice   that  the  segments  are  connected 
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Fig.  95. 
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Fig.  96. 


together  wdth  flanges  and  bolts.  This  wheel  is  of  the  following 
dimensions :  26  feet  in  diameter,  90^  inches  on  the  face,  and  runs 
about  53  revolutions  per  minute.  It  has  on  it  one  48-inch  belt 
and  one  34-inch  belt.  You  will  notice  that  this  wheel  has  a  very 
large  overhang  on  each  side  outside  of  any  support  it  can  possibly 
get  from  the  arms  except  through  those  brackets.  The  overhang 
of  the  4S-inch  belt  is  52  per  cent,  outside  of  the  support  it  gets 
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iu  tlie  arms,  and  of  the  34-iiicli  belt,  GG^  per  cent.,  or  sixty  possible 
places  to  break  where  the  arm  is  attached  to  the  rim ;  that  is,  at 
this  point  around  the  flange  where  the  flange  of  the  end  of  the 
arm  attaches  to  the  flange  of  the  rim,  there  are  sixty  places  where 
this  rib  construction  can  crack  or  be  broken.  Thirty-three  of 
those  are  broken,  or  55  per  cent.  Of  two  hundred  other  places  of 
similar  construction  which  might  be  broken  through  shrinkage 
cracks,  not  a  single  one  is  broken — not  one.  Of  the  total  breaks, 
twenty-one,  or  63  per  cent.,  are  on  the  side  of  the  wheel  having 
the  narrow  belt.  This  is  a  2-inch  rib  running  out,  and  smaller 
ribs  running  around.  Of  the  twenty-two  ribs  crossing  the  rim 
from  the  arms — that  is,  these  points  here — eight  are  broken,  and 
seven,  or  8T|-  per  cent.,  are  on  the  side  having  the  narrow  belt. 
Of  the  twenty-five  cracks  in  the  ribs  running  down,  fourteen,  or 
56  per  cent.,  are  cracks  on  the  side  having  the  narrow  belt. 

J/r.  JoJui  Fritz. — All  my  friends  know  that  I  am  not  a  speaker, 
but  as  some  referencie  has  been  made  to  rolling-mill  fly-wheels 
going  to  pieces,  I  want  to  say  that  while  it  is  a  reflection  upon 
the  mechanical  and  metallurgical  engineers  who  built  them,  I 
would  rather  build  fly-wheels  that  would  not  go  to  pieces  at 
any  reasonable  speed  than  to  talk  about  them  in  public. 

My  method  of  designing  fly-wheels  for  machinery  is  shown  in 
the  accompanying  cut  (Fig.  98),  wdiich  represents  a  type  of  wheel 
for  a  25-incli  rail  train  running  from  TO  to  SO  revolutions  per 
minute.  The  w^heel  is  26  feet  in  diameter,  and  was  first  started 
in  1873,  and  was  in  constant  use  day  and  night  until  1892  or  1893. 

The  subject  of  fly-wheels  is  of  so  great  importance  that  I  am 
going  to  ask  to  be  allowed  to  present  the  methods  used  in  getting 
up  this  wheel  and  in  its  fitting  and  finishing,  together  with  some 
other  drawings,  as  a  paper  for  a  future  meeting  of  the  Society. 

Mr.  Mc Bride. — I  see  quite  a  number  of  fly-vv^heel  makers  here 
to-day  and  I  would  like  to  ask  them,  if  it  is  not  giving  away  trade 
secrets,  if  they  pursue  any  method  of  using  a  certain  factor  of 
safety  for  fly-wheels ;  whether  they  design  a  wheel  to  run  at  60 
revolutions  a  minute,  if  you  please ;  whether  they  make  that 
strong  enough  to  stand  twice  60  or  three  times  60  or  any  other 
number  of  60,  or  whether  they  simply  make  it  strong  enough  to 
strnd  at  60  and  take  their  chances  on  going  to  pieces.  When  a 
man  builds  a  boiler  or  builds  a  bridge  he  tries  to  incorporate  in 
it  a  certain  factor  of  safety,  and  he  makes  it  many  times  stronger 
than  any  load  that  is  likely  to  be  brought  on  it,  and  I  would  like 
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to  know  if  anything  of  that  kind  is  pursued  in  the  construction 
of  fly-wheels. 

Ilr.  Fritz. — I  ^youkl  hke  to  say  this  with  regard  to  the  wheels : 
A  ver}^  jn^ominent  engineer  saw  one  of  those  wheels,  and  asked 
me  :  "  Haven't  you  got  that  wheel  stronger  than  there  is  any  use 
for  it  ?  "     I  said,  "  I  don't  know  ;  if  it  is,  I  will  never  know  it." 

Mr.  Henning. — I  have  stood  alongside  of  Mr.  Fritz's  wheels  and 
know  that  they  run  pretty  nearly  true.  I  don't  think  I  ever  saw 
one  run  a  sixteenth  of  an  inch  out  of  true,  trying  it  by  holding 
a  point  close  to  the  pulley  to  see  how  it  did  run.  Occasionally 
the  engines  did  run  faster  than  they  ought  to,  but  the  engines 
were  always  stopped  before  the  wheels  gave  way.  I  know  the 
design  Mr.  Fritz  has  adopted  has  never  given  any  trouble, 
because  he  recognized  several  things  in  construction  which 
many  engineers  using  cast  iron,  even  at  the  present  day,  do  not 
recognize,  and  from  that  point  of  view  I  should  like  to  answer  Mr. 
McBride's  inquiry.  The  factor  of  safety,  of  course*  is  a  certain 
constant,  provided  the  quality  of  the  material  is  known.  There 
are  no  means,  at  the  present  time,  of  knowing  what  the  actual 
strength  a  block  of  cast  iron  cast  twelve  inches  square  may  be. 
Twelve  inches  square  is  a  reasonable  section  for  a  fly-wheel  rim. 
The  outside  metal  has  a  certain  strength,  while  the  metal  near 
the  centre  is  very  different.  It  may  not  have  any  resistance  what- 
ever, on  account  of  piping  or  crystallization  or  internal  strain.  If 
the  factor  of  safety  were  proper,  there  would  be  no  more  dan- 
ger of  the  breaking  of  the  fly-wheel,  because  there  would  be 
ample  strength  in  every  case.  On  the  other  hand,  the  elastic 
deflections  in  fly-wheels  I  believe  are  never  calculated,  and  we 
know  that  the  elastic  changes  of  shape  of  flj^-wheels  are  three 
times  as  great  as  those  of  steel  and  two  and  a  half  times  as  great 
as  those  of  wrought  iron.  We  know  the  modulus  of  elasticity  of 
cast  iron  runs  somewhere  from  nine  millions  to  eleven  and  a  half 
millions,  while  steel  runs  from  twenty-seven  millions  up  to  thirt}-- 
one  millions.  Wrought  iron  is  twenty-four  millions  to  twenty-six 
millions.  Now,  the  stretch  of  these  arms  is  all  dependent  on  that 
difference  in  figures  from  thirty-one  millions  down  to  nine  mil- 
lions, and  the  change  of  a  shape  of  fly-wheel  is  exactly  proportion- 
ate to  that  difference  in  moduli.  Everybody  considers  that 
cast  iron  is  the  most  rigid  material  in  use.  It  is  just  the  reverse. 
It  is  the  most  flexible  and  most  elastic.  That  is,  for  the  same 
load  cast  iron  will   stretch  or  change   its  shape  three   times   as 
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much  as  steel  and  two  and  a  lialf  tini(3S  as  much  as  wrought  iron. 
Therefore  extra  provision  ouglit  to  be  made,  which  is  rarely  made. 
What  Mr.  Fritz  docs  by  casting  tlie  rims  lioUow  is  this — he 
obtains  thin  sections,  the  strength  of  which  is  fairly  well  known. 

Nothing  is  known  of  the  actual  strength  of  cast-iron  beams 
having  sections  sncli  as  are  used  in  solid  I'inis  of  large  fly-wheels. 
The  strength  of  casting  more  than  three  inches  thick  is  very  uncer- 
tain, and  vastly  less  than  given  by  calculation  of  strength  based 
on  book  constants.  If  the  distortion  of  a  wheel  is  prevented,  just 
exactly  as  Mr.  Fritz  does,  by  vertical  flanges,  then  it  is  stiffened 
in  proportion  to  the  cube  of  depth.  Therefore  it  can  thus  be 
stiffened  in  a  larger  proportion  than  by  adding  weight  in  the 
shape  of  a  solid  block,  making  the  rims  strong  enough.  They 
must  be  sufficiently  rigid  to  withstand  the  distortion  in  the  other 
parts  of  the  wheels.  That,  under  abnormal  conditions,  is  very 
great.  Distortion  is  also  due,  not  to  the  resistance  of  the  cast 
iron,  but  entirely  and  alone  to  its  flexibility  or  elastic  distortion 
under  loads,  which  is  nearly  three  times  as  great  as  steel  and  two 
and  a  half  times  that  of  wrought  iron.  Therefore,  in  Mr.  Fritz's 
wheel,  which  has  very  deep  arms,  he  does  the  very  thing  that 
is  necessary  to  make  a  wheel  stiff  and  rigid.  He  designs  for 
rigidity  under  loads.  In  wrought  iron  or  steel  it  would  be  quite 
different.  In  using  cast  iron  it  should  be  used  in  shapes  in 
which  its  rigidity  wdll  resist  for  elastic  distortion  under  load  and 
there  will  be  no  trouble.  The  trouble  with  nearly  all  fly-wheels 
that  break  is  this,  that  the  essential  factors  of  strength,  actual 
rigidity  and  resistance  to  change  of  shape,  are  not  properly  pro- 
vided for,  while  they  are  provided  for  in  the  designs  for  which 
Mr.  Fritz  is  responsible. 

Mr.  Jesse  M.  Smith. — There  are  two  classes  of  fly-wheels :  first, 
those  that  are  used  simply  to  carry  the  shaft  around,  and  having 
a  section  of  rim  wdiicli  is  very  thick  and  rather  narrow.  The 
second  are  the  band  wheels,  having  a  very  thin  and  wide  rim.  It 
is  the  band  wheels  which  give  the  trouble.  This  section  which  Mr. 
Fritz  has  proposed  is  admirable  for  a  mere  inertia  wheel,  and  en- 
ables him  to  get  good  material  in  the  best  shape  to  resist  the  strain 
which  comes  upon  the  wheel.  But  this  wheel  which  is  shown  on  the 
board  is  a  band  wheel  and  must,  necessarih',  be  very  wide.  The 
shape  of  what  are  intended  to  be  strengthening  ribs  can  be  modi- 
fied so  as  to  give  a  rim  of  uniform  strength  ;  that  is,  the  ribs  may 
be  tapering  from  the  arms,  which  is  the  point  where  the  moment 
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of  forces  is  greatest,  to  a  point  midway  between  the  arms  where 
the  moment  is  least.  Now,  it  has  occurred  to  me  that  in  the  case 
where  Mr.  Benjamin  places  the  joint  midway  between  the  arms 
(Fig.  81),  and  he  increases  the  thickness  of  the  flanges  to  get  ad- 
ditional strength,  he  also  increases  the  weights,  so  that  this  joint 
tends  towards  its  own  destruction,  because  the  greater  weight  has 
the  greater  centrifugal  force.  It  would  seem,  therefore,  that  if  it 
is  possible  it  would  be  better  to  have  the  joints  at  the  arras  where 
the  centrifugal  force  can  be  directly  counteracted  by  the  tension 
of  the  arms. 

I  agi'ee  with  Mr.  Fritz  that  the  hollow  rim  adapts  itself  admira- 
bly to  the  strains  brought  upon  it  by  centrifugal  force,  and  there 
is  no  reason,  even  in  a  band  wheel,  why  the  thickness  of  the  inner 
and  outer  walls  of  the  rim  may  not  be  varied  at  each  section  so  as 
to  exactly  meet  the  strain  at  that  section.  I  think,  however,  it 
would  be  a  more  expensive  wheel  to  build  than  that  with  thin  rim 
and  ribs  which  we  usually  find  in  practice ;  but  the  hollow  rim 
construction  is  certainly  capable  of  producing  a  much  stronger 
and  better  wheel. 

31)'.  Helming. — I  would  like  to  call  attention  to  one  statement 
that  Mr.  Smith  made.  Many  wheels  are  designed  for  uniform 
resistance  of  every  part.  That  is  the  very  thing  which  is  wrong. 
It  is  not  uniform  resistance — it  is  uniform  rigidity  which  must  be 
provided.  If  there  is  uniform  resistance,  then  the  parts  which 
deflect  more  will,  of  course,  affect  the  others,  and  it  is  not  a  ques. 
tion  of  resistance  at  all ;  it  is  a  question  of  rigidity.  If  the  wheels 
were  designed  for  uniform  rigidity  under  the  varying  conditions  of 
the  material  in  them,  then  there  would  be  less  liability  to  fracture. 

Pi'of.  Chas.  H.  Benjamin.^ — I  am  glad  that  this  paper  has 
brought  out  such  a  full  discussion  and  so  many  valuable  sug- 
gestions as  to  further  experiments. 

The  suggestion  of  Professor  Jones  in  regard  to  sudden  changes 
of  speed  is  very  worthy  of  consideration.  It  is  difficult,  however, 
to  effect  such  changes  with  safety  to  the  operator. 

Whatever  belts,  secondary  pulleys,  etc.,  are  used  would  need 
to  be  included  in  the  shield  and  would  all  be  destroyed  at  each 
experiment. 

It  may,  however,  be  possible  to  stop  the  shaft  of  the  fly-wheel 
itself  rather  suddenly  by  means  of  a  brake  acting  on  this  shaft 
outside  the  shield. 

*  Author's  closure,  under  tlie  Rules. 
16 
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It  seems  to  mo  that  tlie  joint  suggested  by  Mr.  Stanwood  aud 
shown  ill  Fig.  9.*>,  -i.e.,  tlie  joint  at  the  ])'jint  of  inflection  of  the 
rim,  is  one  sohition  of  the  diflicnlty. 

T  am  liaving  some  model  wheels  constructed  witli  joints  so 
located,  and  intend  to  test  them  the  coming  year.  It  is  to  be 
noted  that  moving  the  flange  also  changes  the  point  of  inflection. 
The  enlargement  of  the  flange  shown  in  Fig.  94  of  Mr.  Stanwood's 
discussion  I  consider  a  mistake,  as  the  additional  weight  thus 
concentrated  at  the  joint  will  more  than  neutralize  any  advantage 
gained.  It  must  also  be  remembered  that  the  flange  is  likely  to 
be  broken  at  the  bolt  holes  by  the  bending  moment  due  to  the 
pressure  at  the  fulcrum  (Fig.  94). 

I  am  havino-  made  several  models  of  wheels  with  various  forms 
of  link  and  "prisoner"  joints,  such  as  are  used  in  rolling  mill  and 
blowing  engines.  There  is  no  reason  why  wheels  of  this  character 
should  not  be  amply  strong.  The  section  of  the  rim  is  that  best 
calculated  to  resist  bending,  and  admits  of  reliable  connections  at 
the  joints  in  the  direct  line  of  stress.  The  two  experiments  on 
link  joints  in  the  paper  show  the  comparative  safety  of  this  type. 
It  is  the  fly  band  wheel  with  its  wide,  thin  rim  which  presents  the 
more  difficult  problem,  and  it  is  on  this  type  of  rim  that  there  is 
need  of  further  experiment. 

In  this  connection  it  might  be  Avell  to  mention  the  danger  from 
generator  pulleys  which  run  at  a  high  speed  and  are  balanced  by 
bolting  heavy  weights  on  the  inside  of  the  rim  at  its  thinnest 
section. 

The  rim  is  thus  further  weakened  by  the  hole  which  is  drilled 
for  the  rivet  or  bolt,  and  the  balance  weight  adds  to  the  centrifu- 
gal force  without  adding  to  the  strength.  An  example  of  this  is 
shown  in  the  December  number  of  Power. 

I  am  sorry  that  none  of  the  members  have  offered  an  explana- 
tion of  the  shearing  force  which  is  so  apparent  in  some  of  the 
flange  joints,  nearly  shearing  the  bolts  in  tw^o  in  one  instance  (see 
p.  219,  and  Fig.  85).  It  is  generally  supposed  that  midway  between 
the  arms  is  a  point  of  maximum  bending  moment  and  zero  shear. 

I  hope  to  make  another  series  of  experiments  during  the  coming 
3'ear  on  various  shapes  of  rim  and  styles  of  joint,  including  wheels 
with  steel  spokes. 

If  it  proves  feasible  to  photograph  some  of  these  wheels  at  the 
instant  of  rupture,  the  pictures  thus  obtained  will  probably  throw 
still  more  light  on  the  problem. 
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(Member  of  the  Society.) 

The  modern  commercial  building  is,  in  many  respects,  an  en- 
gineering structure.  The  problems  of  foundations,  design  of 
frame  and  walls  for  the  desired  loads  and  wind  pressures,  the 
plumbing  and  sanitary  arrangements,  call  for  engineering  skill 
of  the  highest  order.  This  paper,  however,  will  be  confined  to 
the  discussion  of  the  mechanical,  steam,  and  electrical  plants, 
which  are  of  fully  equal  importance. 

It  is  now  generally  admitted  that  no  features  of  the  modern 
building  stand  in  greater  need  of  consideration  by  specialists. 
Such  treatment  has  always  been  desirable,  and  is  more  so  to-day 
than  ever,  on  account  of  the  wide  variety  of  service  required 
and  the  improvements  which  are  constantly  being  made. 

These  considerations  involve  first  of  all : 

The  Boiler  Plant,  which  necessitates  the  determination  of  the 
average  and  maximum  requirements  of  all  the  steam  cylinders 
and  other  steam-using  apparatus  in  the  building.  It  also  in- 
volves consideration  of  the  characteristics  of  the  fuel  and  water 
to  be  used,  the  selection  of  the  type  of  boiler,  the  smoke  flue 
and  chimney,  and  usually  the  prevention  of  smoke. 

Next  in  importance  comes  the  question  of  Power  development 
and  distribution ;  its  average  and  maximum  amounts;  whether 
steady  or  fluctuating.  Which  of  the  many  types  of  modern 
steam  engines  shall  be  adopted ;  the  number  and  size  of  units ; 
whether  high  or  low  speed  ;  simple  or  compound ;  condensing 
or  non  condensing  ;  direct-connected  or  belted  ?  Shall  the  power 
be  distributed  by  shafting,  belting,  rope-drive,  electricity,  com- 
pressed air,  or  what  not  ? 


*  Presented  at  the  New  York  meeting  (December,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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Tlio  Jjif/htiiKi  system  comers  n{3xt  in  im})ortance.  In  these 
days  illumiiuitiou  by  electricity  is  alinost  a  foregone  conclusion. 
Sliall  the  current  be  supplied  from  a  central  station,  or  generated 
Avitliin  the  building?  Sliall  the  lighting  be  by  arcs  or  incan- 
descents  ;  or  if  in  combination,  how  distriljuted?  Shall  motors 
be  driven  from  the  same  apparatus  ?  Wliat  system  of  distribu- 
tion shall  be  employed  ;  what  voltage — 110  or  220  ;  what  charac- 
ter of  current-  direct  or  alternating?  If  an  isolated  plant  is  in- 
stalled, what  sliall  l)e  the  number  and  size  of  units ;  sliall  they 
be  direct- connected  or  belted;  what  as  to  their  general  charac- 
teristics? Shall  the  units  be  independent,  or  shall  they  be  con- 
nected by  some  scheme  of  shafting  or  clutches  ?  What  switch- 
board facilities  are  necessary  ?  What  indicating  and  recording 
instruments,  switches,  safeties,  etc.?  Shall  the  arc  lamps  be  of 
the  open  or  enclosed  type,  operated  in  series  or  multiple  ? 
What  voltages,  efficiencies,  and  candle  powers  shall  be  employed 
for  the  incandescents  ?  What  shall  be  the  general  character  of 
the  wiring,  its  percentage  of  drop,  and  its  subdivision  into  sec- 
tions for  independent  control  by  switches  ? 

The  Elevator  system  is  a  feature  of  prime  importance.  How 
many  elevators  shall  there  be  ;  where  located  ?  How  many 
passenger,  and  how  many  freight ;  how  many  auxiliaries,  such 
as  dumb  waiters,  ash  hoists,  etc.?  What  shall  be  the  elevator 
loads  and  speeds  ?  How  shall  they  be  driven  ?  If  by  steam, 
whether  belted  or  direct?  If  of  the  hydraulic  pattern,  shall 
they  be  high  or  low  pressure ;  with  horizontal  or  vertical  cylin- 
ders ?  What  type  of  pumping  machinery  shall  be  used — the 
old  style  direct-acting  duplex  with  simple  high-pressure  cylin- 
ders ;  the  same  engine  fitted  with  compound  cylinders ;  the  sim- 
ple crank  and  fly-wheel  pattern  ;  or  the  more  modern  compound 
or  triple-expansion  crank  and  fly-wheel  "  high  duty  "  engine  ? 
Shall  it  be  provided  with  condensers  ?  If  the  elevators  are  to 
be  operated  by  electricity,  at  what  voltage  ?  Direct  or  belted ; 
how  counterbalanced,  and  provided  with  what  automatic  and 
safety  devices  ? 

The  Heating  and  Ventilating  systems  are  by  no  means  of  least 
importance.  Shall  the  system  be  hot  air,  hot  water,  or  steam, 
or  a  combination  of  them  ?  If  hot  air  or  indirect,  shall  it  be  by 
the  natural,  or  hot  blast  system  ?  If  hot  water,  shall  it  be  nat- 
ural circulation,  or  by  pumping  ?  If  by  steam,  what  shall  be 
the  pressure  carried,  the  type  of  radiation,  its  amount  and  dis- 
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tribution  ?  Wluit  system  of  pi])ing  sluiU  be  employed  V  How 
many  changes  of  air  per  hour  are  required,  and  shall  it  be  by 
natural  or  forced  circulation  ? 

Very  closely  allied  to  the  heating  plant  is  the  Steam  Prpc  sys- 
tem connecting  the  boilers,  engines,  pumps,  heaters,  receivers, 
etc.,  with  their  accompanying  valves,  regulators,  covering,  blow- 
offs,  etc.,  forming  in  a  large  building  a  very  complicated  system, 
permitting  the  utilization  of  the  exhaust  from  the  engines  and 
pumps  for  heating.  The  general  arrangement  of  this  work,  and 
the  selection  of  the  proper  apparatus,  all  demand  the  most  care- 
ful study. 

The  above  may  serve  to  indicate  that  the  problems  under  con- 
sideration involve  a  wide  range  of  engineering  experience  and 
research,  and  necessitate  the  reaching  of  conclusions  in  regard 
to  many  matters  on  which  there  is  room  for  divergence  of 
opinion. 

Each  type  of  building  must,  of  course,  be  considered  as  an 
independent  problem.  The  mechanical  requirements  of  the 
modern  office  building,  for  instance,  are  quite  different  from 
those  of  the  modern  hotel  or  apartment  house.  Both  differ 
radically  in  their  requirements  from  business  houses.  Even 
here  the  retail  store  involves  considerations  quite  different  from 
the  wholesale  store  or  warehouse.  Peculiarities  of  trade  affect 
even  different  houses  in  the  same  general  line.  It  is  impossible, 
therefore,  to  draught  general  rules.  Each  installation  must  be 
studied  with  reference  to  its  own  peculiarities. 

The  author  submits  with  some  diffidence  the  methods  em- 
ployed in  designing  the  equipment  for  a  large  building  recently 
constructed  in  St.  Louis.  It  is  not  claimed  that  they  involve 
anything  particularly  original,  or  that  any  special  or  unusual 
difficulties  were  encountered.  It  is  offered  simply  as  an  ex- 
ample of  what  is  believed  to  be  good  current  practice.  In  some 
respects  the  solutions  reached  may  appear  novel,  and  the  com- 
bination of  so  large  a  number  of  desirable  features  in  a  single 
plant  may  be  said  to  have  marked  an  era  in  this  field  of  work  in 
this  section  of  the  country.  It  is  believed  that  in  adaptability 
to  somewhat  peculiar  conditions  of  service,  and  in  low  first  cost, 
as  well  as  low  cost  of  operation  and  maintenance,  the  installa- 
tion is  at  least  interesting. 

A  front  view  of  the  building  is  shown  in  Fig.  99.  It  is  a  brick 
and  stone  building,  of  the  character  known  as  "  standard  slow 
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combustion,"  us  doliiied  by  t\u\  ]>();ii(l  of  Firo  Underwriters.  It  is 
owned  hy  the  (commerce  llealty  Conij){iny,  and  is  situated  on  the 
nortli  side  of  Washinj^ton  Avenue,  about  midway  of  the  bkjck  be- 
tween Ninth  and  Tenth  streets.  Its  ground  space  is  109  feet 
front  by  225 i  feet  deep,  and  it  is  eight  stories  high,  besides  base- 
ment. Fig.  100  is  a  basement  plan  ;  Fig.  101,  first  floor  ;  Fig.  102, 
a  characteristic  upper  floor  ;  Fig.  103,  the  eightli  or  top  floor, 
and  Fig.  104  a  cross  section  showing  elevations  and  heights  of 
stories.  The  tenants  are  the  Hagadine-McKittrick  Dry  Goods 
Company,  an  old  established  wholesale  firm,  located  for  many 
years  at  the  southeast  corner  of  Eighth  Street  and  Washington 
Avenue,  occupying  a  building  of  less  than  half  the  floor  area 
of  the  new  one.  These  facilities  having  become  inadequate  for 
their  business,  arrangements  were  made  in  the  fall  of  1897  for 
the  erection  of  a  new  building.  The  architects  of  the  new 
building  were  Messrs.  Eames  &  Young,  of  St.  Louis,  who,  at  an 
early  stage  of  the  work,  called  into  association  wdth  them  as 
advisory  and  consulting  engineers  the  firm  of  Bryan  <fe  Hum- 
phrey. Ground  was  broken  November  16,  1897,  and  the  work 
was  pushed  urgently  when  the  weather  permitted,  and  for  part 
of  the  time  night  and  day.  The  tenants  moved  in  on  June  1, 
1898,  partial  service  from  the  mechanical  plant  being  then 
available,  and  complete  service  being  furnished  shortly  there- 
after. 

In  the  designing  of  this  plant,  a  prime  consideration — and 
one  which  always  presents  itself — was  the  necessity  of  getting 
a  high-grade  installation  for  as  little  first  cost  as  possible. 
Owners,  as  a  rule,  object  to  paying  an  advance  for  machinery  of 
higher  efficiency,  unless  the  results  have  been  demonstrated  so 
often  as  to  be  beyond  question,  and  even  then  they  hesitate,  or 
expect  the  tenants  to  pay  the  difference.  A  distinction  must,  of 
course,  be  made  between  apparatus  of  established  merit  and  of 
proven  adaptability  to  the  case  in  hand,  and  what  may  be 
termed  "  refinements " — good  in  themselves,  but  of  doubtful 
value  under  the  expected  conditions  of  operation. 

To  begin  with,  the  location  and  character  of  the  building,  and 
the  work  to  be  carried  on  in  it,  were  discussed  by  the  architects 
and  engineers,  in  consultation  with  the  owners  of  the  building 
and  their  prospective  tenants,  including  the  heads  of  the  dif- 
ferent departments  and  floors,  and  their  operating  engineer. 
Having  determined  on  the  general  character  of  the  plant  as 
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nearly  as  possible,  detail  plans  and  specifications  were  prepared, 
and  tenders  wcu-e  solicited  from  a  limited  number  of  experienced 
and  responsible  bidders. 

There  were,  of  course,  some  features  wliicli  could  not  be 
definitely  decided  upon  in  advances  Tli(3  capacity  of  the  boiler 
plant,  for  instance,  as  will  be  shoAvn  later,  d(;pends  wholly 
upon  the  type  of  steam  engines  and  elevator  mechanism 
adopted,  the  most  inefficient  requiring  nearly  twice  as  much 
boiler  capacity  as  the  most  efficient.  There  was,  as  usual,  con- 
siderable controversy  over  the  type  of  elevators  to  be  adopted. 
All  the  modern  types — electrical,  hydraulic,  and  even  steam — 
were  warmly  advocated.  The  size  and  character  of  the  elec- 
trical plant,  and  arrangement  of  the  engines  and  boiler  room, 
could  not  be  settled  until  these  matters  were  disposed  of. 

The  work  of  preparing  detailed  plans  and  specifications  was 
taken  actively  in  hand  about  January  10,  1898,  and  they  were 
completed  and  sent  out  about  February  1st,  bids  being  asked 
for  until  noon,  February  16,  1898.  The  specifications  were,  in 
general,  in  line  with  the  suggestions  made  by  the  author  in  the 
paper  presented  at  the  Niagara  meeting  of  the  Society  on  "  The 
E-elations  Between  the  Purchaser,  the  Engineer,  and  the  Manu- 
facturer" {Transactions,  vol.  xix).  They  embodied  the  follow- 
ing divisions  : 

First :  The  "  Notice  to  Bidders,"  indicating  the  time  and  place 
of  receiving  bids  ;  the  manner  of  their  preparation,  whether  on 
single  or  combined  sections ;  each  bid  to  be  in  good  faith,  not 
requiring  later  approval ;  the  bids  themselves  to  become  the 
property  of  the  purchaser,  and  not  be  returned.  The  tenders 
were  to  be  made  on  proposal  forms  which  were  given  the  bid- 
ders, and  not  on  their  regular  forms. 

This  was  followed  by  the  "  General  Provisions,"  covering  the 
conditions  under  which  the  different  divisions  of  the  work  were 
to  be  executed,  such  as  replacing  of  unsatisfactory  work  and 
material ;  supervision  ;  the  decision  of  disputed  points  ;  com- 
pliance wdth  laws,  ordinances,  and  underwriter's  rules  ;  changes 
how  made;  damage  done  to  building  by  contractor;  course  to 
be  pursued  in  case  of  failure  or  delay  by  the  contractor ;  time 
of  beginning  and  completing  the  work;  deduction  for  delay  in 
completion ;  services  of  expert ;  standard  of  excellence,  where 
special  makes  of  goods  are  mentioned  by  name  ;  guarantee  of 
one  year  on  all  part^  of  the  work ;  accuracy  of  data  furnished, 
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contractor  being  required  to  verify  Hame  and  see  that  the  plant 
went  together  properly ;  the  requirement  of  bond  ;  and  terms 
of  payment.  As  nearly  every  section  required  foundations,  a 
paragraph  was  added  covering  once  for  all  the  character  of 
foundation  required,  the  method  of  conducting  the  work,  etc. 
The  foundations,  by  the  way,  were  to  be  built  of  concrete,  of 
Atlas  or  Empire  American  Portland  cement,  one  part  of  which 
was  mixed  with  three  parts  of  sand,  and  four  to  five  parts  of 
crushed  macadam,  cleaned  and  screened. 

Following  these  come  the  different  sections  of  the  work  itself, 
as  follows  : 

Section  A.  The  Steam-Boiler  Plant,  including  furnaces,  brick- 
work, smoke  Hue,  etc. 

Section  B.  The  Elevator  System;  bids  being  invited  on  hy- 
draulic, electrical,  and  steam,  erected  complete. 

Section  C.  Dynamos  and  Switchboard ;  provision  being  made 
for  additional  capacity  in  case  electric  elevators  were  adopted. 

Section  D.  Steam  Engines  for  Driving  the  Dynamos  ;  the 
specifications  being  written  for  compound  engines,  proposals 
being  also  invited  on  simple  engines. 

Section  E.  Wiring,  Cables,  Arc  Lamps,  Incandescent  Lamps, 
Fans,  and  Fan  Motors  for  ventilating. 

Section  F.  Steam  Heating  System ;  the  specifications  cover- 
ing a  plant  designed  to  operate  under  the  most  unfavorable  con- 
ditions with  very  low  steam  pressure,  proposals  being  also  in- 
vited on  the  Paul  and  Webster  Systems  of  air  removal,  with  the 
privilege  of  rearranging  the  Avork  to  suit  these  systems,  and  re- 
ducing the  amount  of  radiating  surface,  the  size  of  mains,  etc.,  if 
desired,  while  guaranteeing  to  do  the  same  work. 

Section  G.  Large  and  High-Pressure  Pipework,  including 
connections  between  boilers,  engines,  free  exhaust,  etc.  The 
details  of  this  section  could  not,  of  course,  be  worked  out  until 
a  decision  was  reached  as  to  the  boilers,  engines,  and  elevators. 

The  discussion  of  these  sections  will  now  be  taken  up  in 
order : 

Section  A — The  Boiler  Plant. 

Steam  was  required  in  this  building  for  three  purposes  : 
Heating,  lighting,  and  elevator  service. 

As  shown  later,  the  maximum  amount  of  steam  required  for 
heating  was  about  250  boiler  horse-power.     Careful  computa- 


MECHANICAL   PLANT   OF   A    MODERN   COMMERCIAL   BUILDING.        255 

tions  showed  that  more  than  this  amount  wouki  be  necessary 
for  the  lighting  and  elevator  service,  even  with  the  most  eco- 
nomical steam  engines.  As  there  would  always  be  a  surplus  of 
exhaust  steam  available  for  heating,  it  was  evident  that  the  heat- 
ing requirements  need  not  be  considerd  further  as  a  factor  in 
determining  boiler  capacity. 

The  maximum  electrical  requirements  are  shown  later  herein 
to  be  about  150  kilowatts— exclusive  of  the  elevators — or  about 
200  electrical  horse-power.  Assuming  a  combined  efficiency  of 
engine  and  dynamo  unit,  from  steam  cylinders  to  switchboard,  of 
80  per  cent.,  the  maximum  indicated  horse-power  is  250.  Using 
simple  steam  engines  at  a  water  rate  of  40  pounds  per  indicated 
horse-power  per  hour,  the  steam  requirements  would  be  10,000 
pounds  per  hour ;  or,  for  compound  engines  at  28  ^^ounds  of 
water  per  indicated  horse-power  per  hour,  7,000.  These  being 
divided  by  30  to  reduce  them  to  boiler  horse-power,  give  us  333 
for  the  former,  and  233  for  the  latter. 

The  efficiencies  above  assumed  are  not,  of  course,  accurate, 
nor  is  the  statement  of  the  unit  of  boiler  horse-power ;  but  they 
are  believed  to  be  sufficiently  close  for  the  present  purpose,  in 
view  of  the  impossibility  of  determining  accurately  in  advance 
what  the  work  will  be,  and  the  further  fact  that  the  plant  would 
rarely  be  operated  under  conditions  favorable  to  the  highest 
economies.  The  boiler  horse-power  required  to  operate  the 
elevators  is  shown  later  to  be  as,  follows  : 

For  steam  elevators,   67  indicated  horse-power,  at  100  pounds  water  rate, 

-4-30 223 

For  hydraulic  elevators,  with  simple  duplex  pumps,  75  indicated  horse- 
power, at  100  ^  30 250 

For  hydraulic  elevators,  with  compound  steam  pumps,  75  indicated  horse- 
power, at  60  -r-  30  150 

For  hydraulic  elevators,  with   high   duty   pumping   engines,    75   indicated 

horse-power,  at  28  -^  30 70 

For  electric  elevators,  with  dynamos  driven  by  simple  engines,  75  indicated 

horse-power,  at  40  -r-  30 ....    100 

For  electric  elevators,  if  driven  by  compound  engines,  75  indicated  horse- 
power, at  28  -T-  30 70 

The  following  table  shows  some  of  the  combinations  which 
were  possible,  all  of  which  were  under  serious  consideration. 
It  will  be  seen  that  the  maximum  steam  requirements  for  elec- 
trical and  elevator  service  might  vary  all  the  way  between  303 
and  583  boiler  horse-power. 
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11. r. 

Compound  <1  ynaino  «'ii^ines  and  electric  elevators 308 

Compound  dynaino  engines  and  hydraulic  elevators,  driven   by  liigli  duty 

])unii)ing  engines  ....    303 

Compound    dynamo  engines  and  liydniulic    elevators,    driven   l)y  ordinary 

duplex  compound  pumj)s 383 

Simple  dynamo  engines  and  electric  el(;vators   433 

Compound  dynamo  engines  and  steam  elevators 456 

Simple  dynamo  engin(;s  and  hydraulic  elevators,  driven  by  compound  duplex 

])unips 483 

Simple  dynamo  engines  and  steam  elevators 556 

Simple  dynamo  engines  and  hydraulic  elevators,  driven  by  simple  duplex 

pumps 583 

After  due  consideration,  it  was  decided  to  ask  for  proposals  on 
three  boilers,  each  havinfif  a  rated  capacity  of  6,000  pounds  of 
water  per  hour,  with  feed  water  at  212  degrees  into  dry  steam 
of  125  pounds  pressure  above  atmosphere,  equivalent  to  181.7 
horse-power  each,  at  the  Society's  standard  of  30  pounds  from 
feed  at  100  degrees  Fahr.  to  steam  at  70  pounds,  gauge  pressure. 
Each  boiler  was  to  be  capable  of  doing  this  work  continuously 
with  natural  draught  under  regular  working  conditions,  and  of 
being  overworked  one-third  in  emergencies.  It  was  assumed 
that  this  capacity  would  probably  take  care  of  the  building  ;  two 
boilers  being  operated  regularly,  and  the  third  being  held  in 
reserve  for  cleaning  or  repairs,  or  used  on  rare  occasions  of  un- 
usually large  demands.  There  was,  at  that  time,  considerable 
doubt  as  to  whether  the  owners  could  be  induced  to  put  in  the 
most  economical  type  of  apparatus.  The  capacity  was  purposely 
stated  in  pounds  of  water  to  be  evaporated  per  hour,  rather 
than  in  horse-power,  so  as  to  avoid  discussing  the  question 
of  heating  surface  per  horse-power  adopted  by  the  different 
makers. 

The  next  question  was  as  to  type  of  boiler — whether  of  the 
water-tube  or  of  the  ordinary  horizontal  return  tubular  variety. 
The  writer's  experience  had  led  to  the  conclusion  that  the  water- 
tube  boiler  possesses  three  important  advantages  : 

1st.  Large  capacity  in  small  space. 

2d.  Large  capacity  in  single  units. 

37.  Safety — particularly  with  the  higher  pressures  required 
for  modern  steam  plants  of  high  efficiency. 

On  the  other  hand,  the  ordinary  boiler  has  the  advantage  of 
lower  first  cost — particularly  in  the  smaller  units ;  simplicity, 
and  ease  of  being  cared  for. 
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In  the  above  comparison  no  preference  is  given  to  either  type 
of  boiler  on  tlie  score  of  efficiency ;  it  bein<^  the  opinion  of  the 
author  that  there  is  no  material  difference,  assuming  that  both 
boilers  are  designed,  constructed,  operated,  and  maintained  with 
equal  intelligence.  It  is  undoubtedly  true  that  water-tube 
boilers  are  actually  showing  better  fuel  economy  all  over  the 
country  than  the  average  ordinary  boilers,  but  the  latter  installa- 
tions are  usually  small,  and  rarely  receive  the  skilled  attention 
in  their  construction  and  operation  given  the  water-tube  boiler. 

A  consideration  of  the  requirements  of  the  present  plant 
clearly  "  indicated  "  the  adoption  of  the  water-tube  boiler,  and 
the  specifications  were  drawn  accordingly. 

Bidders  on  Section  A  were  asked  to  submit  with  their  pro- 
posals the  following  data,  in  order  that  intelligent  comparison 
of  the  bids  mioht  be  made  : 

Make  of  boiler. 

Number  and  dimensions  of  drums. 

Number  and  dimensions  of  tubes. 

Heating  and  grate  surface. 

Type  of  smokeless  furnace  offered. 

The  specifications  for  Section  A  covered  the  boilers  erected 
in  place,  with  all  the  usual  fixtures  and  fittings,  brickwork,  and 
smoke  flue  leading  to  chimney. 

The  general  scheme  of  the  boiler  room  as  originally  outlined 
and  as  actually  adopted  is  shown  in  Fig.  105.  The  boilers  were 
designed  to  burn  low-grade  slack  and  nut  coal  from  southern 
Illinois,  and  to  use  St.  Louis  hydrant  water.  The  boilers  and 
furnaces  were  to  have  a  combined  efficiency  of  at  least  70  per 
cent,  of  the  calorific  value  of  the  fuel  when  operating  at  any- 
where between  their  rated  capacity  and  20  per  cent,  above. 
The  evaporative  trials  to  be  made  with  a  coal  equivalent  to 
Mount  Olive  lump,  having  a  calorific  value  of  not  less  than 
11,000  British  thermal  units  per  pound.  The  entrainment  was 
not  to  exceed  1  per  cent,  when  operated  at  rating,  or  H  per  cent, 
when  operated  at  one-third  above  rating.  The  working  pressure 
was  to  be  125  pounds,  with  a  factor  of  safety  of  5.  The  boilers 
were  to  be  submitted  to  a  hydrostatic  pressure  test  of  50  per 
cent,  greater. 

Material  in  shells  and  heads  was  to  conform  to  the  latest 
17 
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specifications  of  the  American  l>()iler  Manufacturers'  Associa- 
tion, as  follows :  Stc^el  to  l)e  ojien-hoartli  flange  or  fire-box. 
Tensile  strength,  55,000  to  02,000  ])oun(ls  per  square  inch ; 
elastic  limit,  one-half  the  ultimate  ;  elongation,  at  least  30  per 
cent,  in  8  inches;  maximum  phosphorus,  .03  ])er  cent.;  maximum 
sulphur,  .025  per  cent.     Material   to   stand   bending  double  on 
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Fig.  105. 


itself,  both  cold  and  after  being  quenched  in  water  of  70  degrees 
Fahr.  temperature.  The  tubes  were  to  be  3.j  or  4  inches  ex- 
ternal diameter,  of  best  charcoal  iron  or  soft  steel,  w^ell  expanded 
into  tapering  holes,  which  were  either  to  be  drilled  out  or 
punched  and  reamed.  The  rivets  were  to  be  capable  of  bending 
double  on  themselves,  both  cold  and  after  being  heated  and 
quenched.  Rivet  holes  w^ere  not  to  be  more  than  one-sixteenth 
larger  than  rivets,  and  to  be  punched  one-eighth  inch  smaller 


MECHANICAL  PLANT  OF  A   MODERN   COMMERCIAL   Bl'ILDlNG. 


259 


tlian  rivets,  and  then  reamed  out  full  size.  The  improper  use 
of  the  drift  pin  was  prohibited.  The  other  detail  retpiirements 
of  the  specifications  did  not  involve  anything  special,  except 
that  a  stairway  was  to  be  provided,  affording  ready  access  to 
the  tops  of  boilers.  The  contractor  was  to  look  after  the  c!ty 
and  insurance  tests,  and  turn  the  boilers  over  ready  for  opera- 


ELEVATION  AT  WEST  END 


5"Pump  Suction 


^  Engine  Room  Floor 


Bryan 


ELEVATION  AT  EAST  END 

THE  COMMERCE  REALTY  CO'S  BUILDING. 

SECTION     G.  AMERICAN  BANK  NOTE  CO. 

Fig.  106. 


tion.    Dampers  were  to  be  provided  so  as  to  be  readily  controlled 
and  adjusted  from  the  front  of  boilers. 

The  contractor  was  to  furnish  and  attach  to  each  boiler  a 
smokeless  furnace,  equivalent  in  capacity,  efficiency,  and  smoke- 
lessness  to  the  down-draught  with  lower  grate.  This  requirement 
was  inserted  for  two  reasons  :  First,  this  type  of  furnace  un- 
questionably improves  the  fuel  efficiency  of  the  boilers  ;  and, 
second,  the  plant  being  located  in  the  heart  of  the  city,  it  w^as 
desired  to  avoid  any  smoke  nuisance,  although  the  city  smoke 
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ordinance  lias  been  doclared  invalid  hy  the  Siij)reme  Court  of 
the  State. 

The  writer  specified  the  same  form  of  fire  doors  which  he  first 
used  in  the  summer  of  1897,  opening  across  the  entire  width  of 
the  grate  surface,  permitting  access  to  all  })arts  of  it  for  obser- 
vation, slicing,  and  cleaning.  This  has  proved  a  very  desirable 
feature  in  practice,  as  the  upper  doors  of  down-draught  furnaces 
usually  stand  open,  and  a  central  division  or  column  is  very 
much  in  the  way. 

Very  few  smokeless  furnaces  have  been  successful  with  the 
low-grade  fuels  burned  in  St.  Louis.  The  automatic  stokers, 
firebrick  arches,  and  steam  jets  have  met  with  limited  success 
under  favorable  conditions,  but  have  not  proved  themselves 
adapted  for  excessive  and  fiuctuating  loads,  nor  have  they  demon- 
strated any  large  fuel  economy.  The  down-draught  furnace, 
therefore,  appears  to  be  the  only  device  which  can  be  recom- 
mended with  confidence,  and  even  it  is  not  always  available,  on 
account  of  its  first  cost,  and  its  liability  to  injury  if  ignorantly 
or  carelessly  handled. 

The  chimney  (Fig.  104)  was  included  in  the  building  contract. 
It  was  located  inside  a  square  brick  shaft,  and  was  made  of 
riveted  steel  i  inch  thick,  resting  on  a  substantial  cast-iron 
foot  plate.  It  was  lined  its  entire  length  with  firebrick.  Its 
dimensions  were  48  inches  internal  diameter  by  about  135  feet 
high,  above  floor  level  of  boiler  room.  It  would  ordinarily  be 
rated  at  about  400  horse-power.  The  dimensions  were  decided 
upon  when  the  building  was  begun,  before  any  of  the  computa- 
tions as  to  actual  steam  requirements  had  been  made.  It  was 
assumed  that  only  two  boilers  would  ever  be  operated  at  one 
time,  and  that  the  stack  could  be  overworked  in  emergencies,  as 
experience  has  shown  to  be  possible. 

Section  Aa — Horizontal  Retu7m  Tubular  Boilers. 

Thinking  that  the  cost  of  the  water-tube  boilers  might  be 
greater  than  the  owners  cared  to  invest,  it  was  decided  to  ask 
for  alternate  proposals  on  horizontal  return  tubular  boilers  of 
as  nearly  the  same  capacity  as  possible.  The  plant  was  divided 
into  four  units,  three  of  which  were  to  be  able  to  do  as  much 
work  as  two  of  the  water-tube  boilers.  The  size  best  suited  to 
the  space  available  was  ^^  inches  in  diameter  by  20  feet  long, 
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with  sixty-four  4-iucli  tubes  20  feet  loug.  At  12  square  feet 
heating  surface  per  horse-power,  these  boilers  would  be  rated  at 
131  horse-power  each,  or  393  for  three,  and  524  for  the  entire 
plaut. 

The  chief  advantage  of  boilers  of  this  type  is  supposed  to  be 
lower  first  cost,  although  this  disappears,  to  some  extent,  on 
large  boilers  built  for  high  pressures.  The  belief  is  common 
that  such  boilers  cost  less  for  repairs,  and  are  more  easily 
operated  and  cleaned,  than  the  water-tube  boiler.  While  these 
claims  have  been  proven  in  some  cases,  the  opposite  has  also 
been  shown  to  be  true  in  other  instances,  so  that  the  truth  of 
either  proposition  cannot  be  said  to  have  been  established 
as  yet. 

The  ordinary  boilers  designed  for  this  plant  are  shown  and 
briefly  described  in  the  author's  discussion  of  Mr.  Woolson's 
paper  on  "  The  Hanging  and  Setting  of  the  Horizoutal  Fire- 
Tube  Boiler,"  read  at  the  Niagara  meeting  of  the  Society  (vol. 
xix.,  Transactions^.  The  design  embodies  what  the  writer 
believes  to  be  many  excellent  features,  together  with  propor- 
tions which  are  intended  to  insure  the  highest  possible  fuel 
efficiency  obtainable  Avith  low-grade  fuels  which  come  to  the 
St.  Louis  market.  The  general  features  of  the  water-tube 
specifications  were  preserved,  except  that  no  guarantee  was 
required  as  to  capacity,  efficiency,  or  entrainment,  as  it  would 
have  been  unfair  to  have  held  the  manufacturer  responsible  for 
a  design  in  which  he  had  no  part.  The  fittings  and  general 
construction  were  high  grade  in  every  respect,  so  as  to  be 
strictly  comparable  with  water-tube  work. 

.   Section  B — TJie  Elevator  System. 

This  division  presented  the  most  complicated  problem  en- 
countered, and  one  on  which  there  was  the  widest  difference  of 
opinion  among  interested  parties.  Steam  elevators  had  been 
used  by  the  tenants  in  the  old  building  with  entire  satisfaction. 
The  architects  had  recently  installed  in  a  large  system  of  ware- 
houses a  modern  high-pressure  hydraulic  plant,  which  had 
displaced  a  system  of  steam  elevators,  and  had  made  an  enor- 
mous fuel  saving.  Tlie  engineers  had  devoted  considerable 
time  to  the  study  of  modern  electrical  elevators,  and  recognized 
that  they  were  destined  to  come  into  extensive  use.     Thev  were 
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not,  liowover,  fully  convinced  that  tliis  was  tlie  proper  system 
to  adopt  in  the  present  instance^  and  were  fully  aware  of  the 
advantages  of  the  other  two  ty])es.  It  was  decided,  therefore, 
to  so  word  the  specifications  that  comparative  bids  would  be 
received  on  all  three  types. 

Some  interesting  data  were  secured  from  the  tenant's  old 
plant.  Tests  were  made  on  their  single  passenger  and  three 
freight  elevators  on  an  average  busy  day.  It  was  found  that 
the  passenger  elevator  was  in  actual  motion  47  per  cent,  of  the 
time,  and  the  freight  elevators,  35  per  cent,  of  the  time.  To 
determine  the  loading  of  the  passenger  elevators,  the  6  foot  by 
6  foot  car  was  filled  with  people  who  happened  to  be  conducting 
business  in  the  store  at  the  time.  Eighteen  were  crowded  into 
the  car.  Estimating  their  weight  at  2,700  pounds,  the  loading 
was  75  pounds  per  square  foot,  which  would  seem  to  be  a  safe 
figure  for  passenger  cars. 

The  tenants  indicated  their  elevator  requirements  as  follows 
(see  Fig.  101)  :  There  were  to  be  two  passenger  elevators  (Nos.  7 
and  8),  located  in  the  southeast  corner  of  the  building,  each  to 
have  a  safe  carrying  capacity  of  2,500  pounds  of  live  load  at  a 
maximum  speed  of  300  feet  per  minute.  These  elevators  were 
to  be  operated  by  conductors  and  to  run  between  basement  and 
top  floor,  stopping  at  all  floors.  The  other  six  elevators  were  to 
carry  freight  only.  The  two  southwest  elevators  (Nos.  1  and  2) 
were  to  be  operated  by  conductors,  and  to  have  a  capacity  of 
3,500  pounds  at  a  speed  of  225  feet,  operating  from  basement  to 
top  floor,  stopping  at  all  floors.  Their  duties  were  to  carry  sold 
goods  up  to  the  top  floor  to  be  packed  for  shipment.  The 
northwest  (Nos.  3  and  4)  and  northeast  elevators  (Nos.  5  and  6) 
were  to  carry  4,000  pounds  at  150  feet.  The  northeast  elevators 
were  to  be  operated  by  porters,  to  carry  packed  goods  in  both 
directions,  stopping  at  all  floors.  The  northwest  elevators  were 
to  carry  packed  goods  from  the  eighth  floor  to  shipping  room. 
They  did  not  run  to  the  basement,  nor  stop  at  intermediate 
floors,  and  were  operated  without  attendants  on  the  cars.  The 
dumbwaiter  was  to  be  of  the  electrical  type,  designed  to  carry 
200  pounds  100  feet  per  minute.  The  contractor  was  to  provide 
ornamental  metallic  gates  on  each  floor  for  passenger  elevator 
shafts.  Separate  proposals  were  invited  for  safety  gates  at  the 
freio^ht  elevator  doorways  on  all  floors. 

The  original  specifications  were  written  to  cover  hydraulic 
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elevators,  alternative  proposals  being  invited  on  electric  and 
steam  machines  capable  of  doing  the  same  work.  Contractor 
was  to  furnish  the  macliinerj  complete  ready  for  service,  and 
allow  $300  for  each  passenger  car.  The  travel  of  the  northwest 
elevator  was  about  87  feet,  and  that  of  all  others  105  feet. 
Working  steam  pressure,  120  pounds.  The  water  pressure  for 
the  hydraulics  was  not  to  exceed  750  pounds  at  the  pumps. 
Guide  posts,  of  steel.  Cables  to  be  of  such  number,  dimensions, 
and  strength  that  in  case  half  of  them  should  fail  simultaneously, 
the  remaining  half  would  carry  the  maximum  load,  with  a  factor 
of  safety  of  4.  Counterbalancing  was  to  be  employed  as  far  as 
possible.  Complete  safety  devices  were  to  be  supplied,  prevent- 
ing excessive  speeds  in  either  direction ;  automatic  stops  at  end 
of  travel,  and  other  features,  such  as  slack  cable  stops,  buffers, 
grips,  etc.  The  pumping  engines  were  to  be  two  in  number, 
each  sufficiently  large  to  handle  the  plant  at  a  piston  speed  not 
exceeding  100  feet  per  minute,  with  the  aid  of  the  accumulator. 
Both  pumps  were  to  be  of  the  horizontal  direct-acting  duplex 
type  with  compound  steam  cylinders,  and  outside  packed  water 
plungers.  One  was  to  be  of  the  high  duty  pattern,  having  a 
water  rate  of  not  over  28  pounds  per  indicated  horse-power 
hour.  The  other  pump  was  to  be  of  the  ordinary  duplex  pat- 
tern, with  a  water  rate  not  exceeding  60  pounds  per  indicated 
horse-power  hour.  There  was  to  be  a  weighted  mechanical 
accumulator  for  the  hydraulic  system  of  such  capacity  that  with 
six  elevators  operating  continuously  in  the  same  direction,  stop- 
ping only  at  the  top  and  bottom  floors,  and  one  ^^ump  in  opera- 
tion at  not  exceeding  100  feet  piston  speed,  the  elevators  would 
do  the  specified  service.  The  discharge  tank  was  to  be  located 
in  the  attic.  Contractor  was  to  furnish  and  erect  all  necessary 
apparatus,  and  do  all  water  piping.  He  was  to  furnish  the 
lubricating  apparatus,  paint  the  plant,  and  submit  it  to  such  tests 
as  the  engineers  might  require. 

The  determining  of  the  horse-power  required  to  operate  the 
elevator  plant  presented  many  difficulties.  There  was  at  that 
time — and  still  is — a  lack  of  authentic  data  as  to  elevator  per- 
formance covering  wide  ranges  of  service,  and  it  is  still  impos- 
sible to  make  such  computations  accurately.  Extreme  accuracy, 
however,  is  not  necessary,  in  vieAV  of  the  fact  that  it  is  impos- 
sible to  predict  what  the  average  loads  and  percentages  of  time 
in  operation  will  actually  be  in  a  prospective  plant. 
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The  problem  was  finally  solved  for  hydraulic  elevators  in  the 
followin<^  manner  :  Tho  averaj^e  net  horse-power  required  by 
each  fn^iglit  elevator  lifting  its  full  live  load  was  '20  horse- 
power, and  for  eacli  passenger  elevator  22  \  h()rse-])ow(n\  There 
were  six  of  the  former  in  operation  one-third  of  the  time,  but  as 
they  use  no  power  coming  down,  the  average  work  done  was  20 
net  horse-power.  The  two  passenger  elevators  were  assumed 
to  be  in  operation  o]ie-half  of  the  time,  and  their  requirements 
were,  therefore,  HI  ;  n  total  for  the  eight  machines  of  31[  net 
average  horse -power.  Assuming  an  average  efficiency  of  5^)  per 
cent,  from  water  end  of  the  pump  to  work  done,  the  horse-power 
of  water  end  of  the  pump  would  be  58.  On  the  basis  of  a  me- 
chanical efficiency  of  75  per  cent,  for  the  pump,  the  indicated 
horse-power  of  the  steam  end  is  75,  the  figure  already  used  in 
determining  the  boiler  capacity. 

The  electric  elevators,  however,  presented  greater  complica- 
tions. Tests  have  shown  that  where  drum  machines  are  coun- 
terbalanced to  half  the  average  load,  and  where  the  same  total 
load  is  carried  both  up  and  down,  the  net  work  done  is  simply 
that  necessary  to  overcome  friction,  plus  an  allowance  to  cover 
the  "  surge  "  of  energy  required  at  each  start.  A  study  of  this 
subject,  in  connection  with  records  of  tests  made  on  similar 
plants,  indicated  that  when  operated  under  favorable  conditions 
of  loads,  counterbalancing,  frequency  of  stops,  etc.,  these  eleva- 
tors should  have  an  efficiency,  running  in  both  directions,  about 
as  follows : 

The  two  passeuger  elevators. 3^  kilowatts  hours  per  car  mile. 

The  two  soLitliwest  freiglit  elevators   ..4^  "  "       "       "      " 

The  four  north  freight  elevators 4^  "  "       "      "      " 

On  this  basis  the  electrical-horse  power  required  to  keep  each 
elevator  in  motion  was  found  to  be  4^,  5J,  and  6,  respectively, 
per  car  mile.  The  speeds  specified,  however,  were  3.4,  2.55,  and 
1.7  miles  per  hour,  respectively,  on  which  basis  15.9,  14.45,  and 
10.  J  electrical  horse-power  were  required.  Assuming  that  the 
passenger  elevators  might  be  in  motion  one-half  the  time  and 
the  freights  one-third,  and  multiplying  by  the  number  of  ele- 
vators, the  power  consumed  is  found  to  be  15  9,  9.6,  and  13.6 
electrical  horse-power,  respectively  ;  a  total  of  40,  in  round  num- 
bers. In  view  of  the  fact,  however,  that  ideal  conditions  of 
loading  and  counterbalancing  would  never  be  reached,  and  also 
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that  uncertainty  existed  as  to  the  actual  number  of  stops  per 
trip,  and  percentage  of  time  which  the  elevators  would  be  in 
operation,  and  in  order  to  avoid  any  appearance  of  j^artiality  to 
the  electric  installation,  it  was  thought  wise  to  increase  this 
allowance  by  50  per  cent.,  and  to  call  the  total  60  electrical  horse- 
power at  switchboard.  Assuming  a  combined  engine  and  dy- 
namo efficiency  of  80  per  cent.,  the  average  indicated  horse- 
power at  cylinders  of  dynamo  engines  is  75,  as  already  stated. 

In  computing  the  horse-power  required  to  drive  steam  eleva- 
tors, it  was  presumed  that  they  would  be  run  by  direct-con- 
nected steam  engines  in  the  ordinary  manner.  The  machines 
are  almost  identical  with  the  electric  elevator  of  the  drum  type 
operated  by  w^orm  gear,  the  direct-connected  steam  engine  tak- 
ing the  place  of  the  distant  steam  engine  generating  current 
through  a  dynamo,  and  transmitting  it  for  use  in  a  direct-con- 
nected electrical  motor.  The  work  done  by  the  elevator  proper 
is  the  same  in  both  cases.  Assuming  the  efficiency  of  the  motor 
on  the  electric  elevator  to  be  83  per  cent.,  the  net  power  con- 
sumed by  the  elevator  mechanism  itself  is  50  horse-power. 
Taking  the  mechanical  efficiency  of  the  steam  elevator  engines 
at  75  per  cent.,  we  arrive  at  the  figure  of  67  above  referred  to. 

The  clause  in  the  specifications  providing  for  alternative  bids 
on  electrical  elevators  stipulated  that  the  elevators  were  to  be 
of  the  same  general  character  as  the  hydraulic,  modifying  the 
design  only  in  so  far  as  necessitated  by  electrical  driving.  The 
purchaser  agreed  to  supply  electrical  current  at  220  volts  at  the 
switchboard.  The  contractor  was  to  do  all  wiring  from  that 
point  to  elevators.  Elevators  to  be  of  the  single  or  double 
worm  type,  with  steel  worm  and  gun-metal  gear.  The  motor 
was  to  have  an  automatic  starting  device  to  give  the  car  an 
easy  start  independent  of  the  operator  and  cable,  returning  to 
the  starting  point  automatically  in  case  of  interruption  of  the 
current.  When  starting  from  rest  to  full  speed  within  five  sec- 
onds, the  starting  current  was  not  to  exceed  the  operating  cur- 
rent at  full  speed  by  more  than  50  per  cent.  The  purchaser  was 
to  provide  a  third  electrical  generating  unit  of  75  kilowatts 
capacity  in  case  electric  elevators  were  adopted.  The  plant  to 
be  so  designed  as  to  be  capable  of  operating  in  multiple  with 
the  lighting  system  without  noticeable  interference  with  the 
steadiness  of  the  electric  lights. 

The  alternate  proposals  asked  for  on  steam  elevators  were  to 
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comply  with  the  same  general  conditions  as  before,  except  that 
the  elevators  were  to  be  driven  by  direct-connected  steam  en- 
gines of  the  duplex  double-acting  vertical  type.  Separate  pro- 
posals were  invited  on  an  ash  hoist  to  have  a  platform  of  about 
()0  inches  by  33  inches  ;  capacity,  1,000  pounds  ;  speed,  50  feet ; 
travel,  about  20  feet. 

Section  C — Dynamos  and  Switchhoard. 

The  contractor  for  Section  C  was  to  furnish  and  erect  the 
generators  and  switchboard,  with  connections  between  same,  as 
located  in  Fig.  109.  Proposals  were  to  state  the  commercial  effi- 
ciency of  the  generators  at  |,  4,  J,  and  full  load,  subject  to  test 
after  the  machines  were  installed.  A  study  of  the  purchaser's 
needs  showed  that  they  could  be  best  met  by  a  combination  of 
arc  and  incandescent  lamps.  A  preliminary  location  of  arc  and 
incandescent  lamj)s  was  agreed  upon,  showing  approximately 
200  arc  and  600  incandescent  lamps.  In  addition,  there  were 
three  motors  driving  fans  in  basement,  and  an  allowance  was 
also  made  for  small  fan  motors  throughout  the  house,  and  about 
1  per  cent,  for  drop  in  the  wiring.  These  were  summarized  as 
follows : 

200  arcs  at  2^  amperes,  aud  220  volts,  or  550  watts =  110,000  watts. 

600  —220- volt  16  candle-power  incandescents  at  60  watts =    36,000 

For  motors,  drop,  etc 4,000       *•' 

Total 150,000       " 

It  was  decided  that  this  load  could  be  best  handled  by  two  75- 
kilowatt  generators.  As  such  machines  can  run  at  consider- 
able overloads,  two-thirds  of  the  total  lights  could  be  handled 
with  one  machine  out  of  service.  Three  50-kilowatt  machines 
would  have  been  better,  but  would  have  cost  more. 

The  selection  of  dynamos  w^hose  rated  capacity  was  equiva- 
lent to  the  total  number  of  lights  connected,  may  be  criticized, 
in  view  of  the  fact  that  ordinarily  the  maximum  number  of 
lights  burned  at  one  time — even  for  short  intervals — is  less  than 
the  number  connected,  and  that  the  generators  can  be  over- 
worked considerably  for  short  periods.  The  anticipated  load 
factor,  however,  was  large,  and  some  margin  for  growth  was 
necessary.  No  special  or  reserve  machine  being  provided,  it 
was  not  desired  to  cripple  the  plant  more  than  absolutely  neces- 
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saiy  when  one  machine  might  be  shut  down  on  account  of  acci- 
dent or  for  repairs. 

One  hundred  and  fifty  kilowatts  at  the  switchboard  is  equiva- 
lent to  200  electrical  horse-power.  Assuming  a  combined  effi- 
ciency of  engine  and  dynamo  unit  of  80  per  cent,  the  indicated 
horse-power  in  the  steam  cylinders  is  250,  as  already  stated  in 
estimating  boiler  capacity. 

The  question  might  be  asked  why  the  maximum  load  was 
taken  for  the  boiler  horse-power,  when  the  average  load  would 
be  much  less,  and  the  entire  number  of  lights  would  probably 
never  be  burned  at  one  time.  As  explained  above,  the  work 
done  in  this  building  was  of  such  a  nature  that  wdiat  is  known 
as  the  "  load  factor,"  or  ratio  between  the  maximum  number  of 
lights  operated  at  one  time  and  the  total  number  connected, 
would  be  large,  and  it  would  sometimes  happen  that  every  light 
might  be  burning.  Furthermore,  experience  has  shown  that 
more  lights  and  motors  are  added  as  business  increases  and 
the  necessity  for  them  develops,  so  that  some  margin  for  growth 
must  be  allowed. 

A  departure  from  established  practice  was  made  in  adopting 
a  voltage  of  220,  instead  of  110.  This  was  done  for  three 
reasons  : 

First,  it  was  desirable  to  have  an  outside  connection  from  a 
central  station  for  use  in  the  event  of  any  serious  accident  to 
the  plant.  No  central  station,  however,  furnished  direct  current 
for  power  at  110  volts,  but  two  convenient  stations  offered  such 
service  at  220  volts,  both  being  from  220-440  direct-current 
three-wire  systems. 

Second,  it  was  believed  that  the  electric  motors  would  give 
better  satisfaction  at  this  voltage,  and  stopping  and  starting 
them  would  have  less  effect  on  the  lights,  as  it  was  intended  to 
run  the  entire  light  and  power  service  from  the  same  electrical 
apparatus. 

Third,  the  distances  covered  being  quite  large  for  an  isolated 
plant,  both  the  investment  in  copper  and  the  "drop,"  or  per- 
centage of  loss  in  wdriug  system,  were  materially  reduced. 

It  is  true  that  the  220- volt  incandescent  lamp  is  not  as  efficient 
as  the  110,  and  that  it  costs  more,  thus  increasing  the  cost  both 
of  fuel  and  of  lamp  renewals.  The  110-volt  16  candle-power 
lamp  ordinarily  used  consumes  about  55  watts,  and  the  220 
volt  about  60.     This  means  9  per  cent,  more  generating  capacity 
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and  fuel  burned.  Tlio  10  candle-power  2'20-volt  lain})  costs  from 
23  cents  to  L5  cents  envh,  and  tlio  llO-volt  18  cents  to  20  cents. 
Tliis  inferiority  is  largely  due  to  t\m  fact  tliat  the  number  of 
2"20-volt  lamps  in  use  is  still  small.  The  effici;'ncy  is  improvinp^, 
and  the  price  falling,  as  the  demand  increases,  and  it  is  believed 
they  will,  in  the  not  distant  future,  approximate  closely  to  the 
llO-volt  lani]).  In  the  present  case  it  was  believed  that  the 
advantages  of  the  220-volt  system  overbalanced  the  objections 
named. 

At  the  time  this  woik  Avas  taken  up  the  220-volt  arc  lamp  was 
in  an  exj^erimental  stage.  It  was  a  question  whether  to  burn 
the  arcs  singly  across  220  volts,  or  to  use  two  110- volt  lamps  in 
series.  In  either  case,  the  enclosed  arc  lamp,  burning  in 
multiple,  was  to  be  used,  for  reasons  ex|)lained  later.  A  large 
number  of  sample  220-volt  arc  lamps  were  tested  in  the  offices 
of  the  engineers,  and  a  reasonable  number  of  these  were  found 
satisfactory.  The  arc  is  long,  and  the  light  has  a  bluish  purple 
tinge.  The  former,  however,  was  not  objectionable  with  the 
ground-glass  inner  globe.  The  latter  also  yields  to  treatment ; 
so  that,  on  the  whole,  it  was  thought  entirely  safe  to  use  the 
single  lamp,  thus  greatly  simplifying  the  system. 

The  electric  elevators  could  of  course,  have  been  operated 
alone  with  less  than  75-kilowatt  average ;  75  horse-power,  or 
56  kilowatts,  being  the  average  amount  of  energy  required,  as 
already  explained.  As  electric  elevator  service,  however,  is 
freqviently  subject  to  sudden  and  severe  overloads  for  short 
periods,  due  to  the  starting  and  operating  of  a  number  of  loaded 
elevators  simultaneoush^,  a  surplus  of  power  was  necessary ; 
and  as  it  was  desirable  to  have  all  the  electrical  units  alike 
and  interchangeable,  it  Avas  thought  best  not  to  reduce  the  size 
of  the  third  unit. 

The  sj)ecifications  provided  that  the  generators  should  be  of 
the  direct-connected  type,  mounted  on  engines,  each  generator 
to  be  rated  at  75  kilowatts  at  220  volts.  Speed  about  250  revolu- 
tions per  minute.  When  run  continuously  at  rated  load,  the 
temperature  was  not  to  rise  more  than  the  following  amounts 
above  the  surrounding  air  :  72  degrees  Fahr.  in  the  armature  ; 
54  degrees  in  the  fields  ;  72  degrees  in  the  commutator.  They 
were  to  be  capable  of  carrying  25  per  cent,  overload  for  two 
hours,  and  33 j  for  one  hour,  without  excessive  heating  any- 
where, and  without  injurious  sparking  at  the  brushes.     They 
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were  to  be  capable  of  taking  50  per  cent,  overload  momentarily, 
without  flashing-  or  injurious  sparking,  and  were  not  to  flash 
around  the  commutator  when  the  circuit  breaker  opened  at  50 
per  cent,  overload.  They  were  to  run  without  sparking  or  shift- 
ing of  the  brushes  from  no  load  to  25  per  cent,  overload. 

These  rather  rigid  requirements  were  due  to  the  possible 
operation  of  electric  elevators,  and  as  several  prominent  builders 
were  in  a  position  to  supply  such  machines,  competition  was 
not  thereby  limited. 

The  winding  of  the  fields  was  over-compounded  to  give  3 
per  cent,  higher  voltage  at  the  brushes  at  full  load  than  at  one- 
tenth  load.  The  rise  in  voltage  was  to  be  proportional  to  the 
load  throughout.  The  current  density  at  rating  in  the  carbon 
brushes  was  not  to  exceed  27  amperes  per  square  inch  of  brush 
contact.  The  insulation  resistance  between  any  conductor  and 
the  frame  of  dynamo  was  to  be  at  least  one  megohm. 

The  switchboard  (Fig.  109 )  was  to  be  of  white  Italian  marble, 
14  inches  thick,  located  24  inches  from  w^all.  There  was  to  be 
a  generating  panel  for  each  dynamo,  containing  one  fire-proof 
field  rheostat,  one  double-pole  double-throw  knife  switch,  one 
single-pole  magnetic  circuit  breaker,  one  pilot  lamp,  one  Weston 
ampere  metre,  the  necessary  bus  bars,  one  round  pattern  Wes- 
ton 250-volt  voltmeter,  with  switches  to  connect  it  with  the  ter- 
minals of  each  dynamo  ;  with  bus  bars,  with  the  distributing 
circuits,  with  positive  bus  bar  and  ground,  and  with  negative 
bus  bar  and  ground.  There  were  to  be  two  feeder  panels,  con- 
taining one  1,200-ampere  double-pole  double-throw  switch,  ten 
150  and  four  50-am]3ere  double-pole  double-throw  knife  switches 
with  fuses,  and  one  lamp  ground  detector.  Each  feeder  panel 
was  to  have  a  neat  goose-neck  bracket  light,  with  shade  and 
holder.  The  conductors  Avere  to  be  proportioned  so  that  the 
temperature  would  never  rise  more  than  45  degrees  Fahr.  above 
the  surrounding  air.  Each  circuit  on  the  board  was  to  be  let- 
tered or  numbered. 

This  board  is  designed  with  an  extra  power  bus  bar,  so  that 
the  elevators  can  be  operated  separately  from  the  lights,  if  de- 
sired. This  has  never  been  done,  however,  except  when  the 
plant  was  started,  and  before  engines  and  generators  were  ad- 
justed. The  large  double-pole  double-throw  switch  enables 
either  the  motors  or  lights  to  be  connected  to  outside  reserve 
connection,  the  other  being  operated  from  the  dynamo.     When 
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botli  sides  of  this  switch  are  thrown  to  outside  connections,  the 
entire  l)uihlin<^  is  o])erated  from  central  station  on  three  wire 
220-440  system. 

Each  generator  was  to  l)e  connected  with  switchboard  by  rub- 
ber-covered cable,  running  overliead  on  porcelain  knobs.  Each 
proposal  Avas  to  name  a  })rice  on  two  generators  as  above,  with 
an  extra  price  for  a  third  unit,  with  one  feeder  panel,  the  latter 
to  contain  eight  150-ampere  double-pole  single-throw  switches; 
eight  '2()0-ampere  single-pole  circuit  breakers,  and  one  220-volt 
500-ampere  recording  station  wattmeter — all  of  these  being 
required  for  the  electric  elevator  service. 

Section  I) — Steam  Engines. 

These  were  to  be  of  the  direct-connected  type,  for  driving 
the  two  75-kilowatt  generators,  each  to  be  operated  independ- 
ently (see  Fig.  105).  The  assumed  efficiency  of  80  per  cent, 
fixed  their  capacity  at  125  indicated  horse-power  each.  The 
operating  steam  pressure,  if  compound  engines  were  selected, 
was  to  be  120  pounds  above  atmosphere.  Contractor  was  to 
furnish  and  erect  these  engines,  ready  for  pipe  connections, 
including  foundations  for  engines  and  dynamos.  Each  proposal 
was  to  embody  a  guaranteed  water  rate  per  indicated  horse-power 
hour,  and  be  accompanied  by  a  drawing  showing  space  occupied, 
foundations  required,  dimensions  of  cylinders,  weight  of  engine, 
fly-wheel,  and  sub-base,  and  diameter  of  shaft.  The  proposal 
was  also  to  state  additional  cost  of  a  third  unit  identical  with 
the  others,  for  use  in  case  electrical  elevators  were  adopted. 

The  specifications  were  drawn  for  compound  engines.  Con- 
densing apparatus  was  not  deemed  desirable,  on  account  of  its 
increased  cost,  complication,  and  space  required.  The  fuel 
saving  would  have  been  small,  as  the  exhaust  is  used  for  heat- 
ing during  the  five  months  of  cold  weather,  when  the  load  on 
the  engines  is  also  a  maximum.  Bidders  were  asked  to  state 
the  price  of  simple  engines  of  the  same  indicated  horse-power. 
The  engines  w^ere  to  be  of  the  horizontal  centre-crank,  tandem 
compound,  high-speed,  non-condensing  automatic  type,  built 
extra  heavy  throughout,  speed  about  250,  stroke  at  least  14 
inches,  designed  for  an  overload  of  50  per  cent,  for  short  periods  ; 
water  rate  not  over  25  pounds  per  indicated  horse-power  hour ; 
shaft  governor  to  be  equivalent  to  the  Rites,  controlling  both 
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high  and  low-pressure  cjliuders.  The  drop  iu  speed  witli  con- 
stant steam  pressure  between  no  load  and  50  per  cent,  overload 
was  not  to  exceed  2  per  cent.,  and  was  not  to  exceed  l.V  per  cent, 
with  constant  load  and  steam  fluctuating  between  100  and  J  25 
pounds  ;  and  3  per  cent,  for  the  combined  changes  in  load  and 
pressure.  Engines  were  to  operate  smoothly,  noiselessly,  and 
without  heating  or  undue  wear,  at  all  loads  and  pressures. 
Heavy  cast-iron  sub-bases  were  to  be  furnished  of  proper  width 
to  receive  dynamos.  Shaft  to  be  of  steel,  in  one  piece.  The 
usual  fittings,  fixtures,  and  lubricating  apparatus  to  be  furnished. 
One  extra  heavy  fly-wheel,  steam  cylinders  lagged,  bright  work 
highly  finished.  Crank  pin  to  be  of  same  dimensions  as  shaft. 
Engines  to  be  finished,  painted,  and  submitted  to  such  tests  as 
might  be  required. 

Section  E — Wiring,  Arc  and  Incandescent  Lamps,  Fans,  and  Jlotors. 

This  section  covers  all  the  apparatus  and  material  necessary 
to  transmit  the  electricity  from  the  switchboard  to  the  points 
of  use.  The  220-volt  multiple  arc  distribution  was  adopted,  for 
reasons  already  explained.  The  arc  and  incandescent  lamps 
were  run  from  the  switchboard  on  independent  systems  of 
wiring.  Suitable  cut-out  cabinets,  tablet  boards,  and  switches 
were  to  be  supplied.  The  feeders  for  arc  lights  were  to  be  of 
No.  2  B.  &  S.  gauge,  on  porcelain  knobs  in  the  basement,  and 
on  metal  cleats  in  the  elevator  shaft.  All  feeder  wires  were  to 
have  a  one-sixteenth  lead  cover  in  elevator  shaft,  and  were  to 
be  standard  and  continuous,  without  joints,  except  where  taps 
were  taken  off  feeding-tablet  boards  on  each  floor.  All  wiring 
was  to  be  rubber  covered.  The  distributing  circuits  for  arc 
lamps  were  of  No.  12  B.  &  S.  wire,  each  two  lamps  being  con- 
trolled separately.  The  incandescents  were  to  be  grouped  in 
circuits  not  exceeding  fifteen  lamps  each.  Maximum  drop 
between  cut-out  cabinet  and  lamps,  |  per  cent. ;  no  wire  smaller 
than  No.  14  B.  &  S.  to  be  used.  Contractor  w^as  to  furnish  and 
attach  lamps  and  sockets,  the  general  plan  of  wiring  and  loca- 
tion of  lamps  being  shown  in  Figs.  100,  101,  102,  and  103.  On 
the  upper  floors  the  incandescent  lamps  w^ere  to  drop  from  the 
ceiling  by  flexible  cords  with  ceiling  cut-outs  and  key  sockets. 
The  paragraph  referring  to  insulation  was  as  follows  : 

"  The  insulation  of  all  wires  in  this  building  must  be  of  best 
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Para  rubber,  put  on  in  two  coatH  of  uiiifoiin  thickness  without 
seams,  the  inner  coat  to  l)e  free  of  sul[)hur  or  other  substances 
Hable  to  corrodes  tlie  copper.  Tlie  copper  to  have  an  additional 
protection  of  a  uniform  and  thick  coating  of  tin.  Thickness  of 
insuhition  of  the  No.  14  and  No.  12  wire  to  be  ,.;'j  of  an  inch, 
upon  No.  2  B.  &  S.  wire  ,;.;  of  an  inch^  and  upon  No.  000  wire 
.{•*o  of  an  inch.  The  ru])ber  to  be  covered  with  a  substantial 
braid  that  will  not  readily  carry  fire.  This  wire  must  show  an 
insulation  resistance  of  at  least  one  megohm  per  mile  after  two 
weeks'  submersion  in  water  at  72  degrees  Eahr.,  and  after  three 
minutes'  electrification  with  a  current  of  500  volts.  The  insula- 
tion of  all  of  these  wires,  with  all  cut-outs,  switches,  and  fuses 
in  place,  must  have  a  resistance  between  conductors,  and  be- 
tween all  conductors  and  the  ground,  of  not  less  than  ^  megohm 
per  mile  of  circuit." 

Edison  key  sockets  were  to  be  used  throughout,  with  porce- 
lain bases.  Contractor  was  to  furnish  and  connect  six  hundred 
16  candle-power  lamps,  with  anchored  filaments,  and  GOO  hours 
guaranteed  life.  The  intention  was  to  select  that  type  of  lamp 
which  would  give  this  life  with  the  best  guaranteed  efficiency 
and  maintenance  of  candle  power. 

Three  motors  for  ventilating  fans  were  to  be  supplied — one 
in  basement,  one  in  engine  room,  and  one  in  boiler  room  (see 
Fig.  100) ;  the  air  to  discharge  into  space  surrounding  stack. 
Each  fan  was  to  be  24  inches  in  diameter,  with  speed  variable 
between  200  and  600  revolutions  per  minute.  Motors  to  be 
J  horse-power  each,  series  wound,  equipped  with  switches, 
regulating  devices,  iron-clad  armatures,  large  mica  insulated 
commutators,  carbon  brushes,  and  self-oiling  bearings. 

The  two  hundred  arc  lamps  were  to  be  of  the  enclosed  type, 
burning  150  hours  continuously  without  trimming.  Proposals 
were  invited  on  lamps  to  burn  singly  on  220-volt  circuits  con- 
suming not  over  2.^  amperes  each,  and  also  upon  lamps  to 
operate  two  in  series,  without  robbing  each  other  and  with 
equal  steadiness.  All  lamps  were  to  have  resistance  enclosed 
in  top  of  lamps,  and  be  hung  from  ceiling  on  independent  sup- 
porting wires.  They  were  to  have  opalescent  inside  globes, 
and  clear  glass  outside  globes.  To  have  the  usual  fittings  and 
adjustments,  and  polished  brass  finish.  Thirty  days'  supply  of 
carbons  was  also  to  be  furnished. 

The  enclosed  arc  lamp  has  many  important  advantages,  among 
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wliicli  are — that  it  can  be  run  oti'  of  the  ordinary  incandescent, 
dynamo,  and  wiring  system,  and  that  it  gives  a  very  uniform  and 
attractive  light.  It  does  not  give  as  much  light  as  the  ordinary 
open-series  arc,  but  requires  more  energy,  about  one-third  of 
which  goes  to  waste  in  the  resistance  in  the  lamp  Avhicli  is  neces- 
sary to  control  and  regulate  its  operation.  The  110-volt  enclosed 
arc  lamp,  for  instance,  is  operated  with  5  amperes,  but  only  about 
80  volts  are  consumed  in  the  arc  itself.  The  220-volt  lamp  uses 
2o-  amperes,  consuming  about  160  volts  in  the  arc.  Thus  far  all 
attempts  to  do  away  with  this  wasteful  resistance  have  failed, 
but  it  is  believed  that  the  inventive  genius  of  the  country  will, 
in  the  near  future,  overcome  this  serious  difficulty. 
The  original  schedule  of  lamps  to  be  wired  for  was  as  follows  : 

Arc.  Incandescent. 

Basement 19  46 

1st  Floor 26  145 

2d       •     23  15 

3d      "     24  17 

4tli     '■     24  39 

oth     •' 22  29 

6tb     "     23  46 

7th     "     22  100 

8th     "     6  142 

Total 189  579 

Section  F — Steam  Heating. 

In  installations  of  this  character,  all  the  pipe  work — both  high 
and  low  pressure — together  with  necessary  apparatus,  is  usually 
included  in  one  specification  and  contract.  In  the  present  in- 
stance, however,  the  details  of  the  high-pressure  and  exhaust  con- 
nections and  apparatus  could  not  be  determined  upon  until  the 
boilers,  engines,  and  elevators  had  been  selected.  The  heating 
plant  was  therefore  taken  U23  as  an  independent  problem.  As 
shown  in  Fig.  99,  the  building,  though  large,  was  favorably  situ- 
atedas  regards  heat  losses,  being  protected  by  the  walls  of  ad- 
joining buildings  on  both  east  and  west  sides,  except  at  the  two 
small  light  shafts  shown  (Figs.  102  and  103 1.  The  rear  exposure 
is  directly  to  the  north,  and  is  the  only  unfavorable  one. 

xlfter  due  deliberation,  ft  was  decided  that  the  most  severe 
conditions  would  be  met  by  assuming  an  external  temperature 
of  110  degrees  Fahr.,  the  building  to  be  heated  to  70  degrees 

18 
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Falir.,  with  steam  pressure  not  exceeding  2  pounds.  The  tem- 
perature occasionally  drops  below  — 10  degrees  in  8t.  Louis, 
but  on  these  rare  occasions  it  Avas  thought  that  the  pressure 
could  1)6  carried  a  little  above  2  ])ounds,  or  tliat  a  slightly  lower 
temperature  than  70  degrees  might  be  permissible.  The  heat  loss 
was  computed  on  the  basis  of  80  British  thermal  units  per  hour 
per  square  foot  for  exposed  glass  surface,  and  16  for  brick  wall — 
the  units  given  by  Wolff.  A  serious  problem  was  to  determine 
what  heat  loss  there  would  be  from  the  east  and  west  walls, 
which  were  in  contact  with  adjoining  buildings.  It  was  finally 
concluded  to  assume  that  one  of  these  buildings  might  be  va- 
cant in  cold  weather,  and  might  reach  as  low  a  temperature  as 
32  degrees  Fahr.  On  this  basis  the  heat  loss  would  be  about 
10  British  thermal  units  per  hour  per  square  foot  of  wall.  The 
changes  of  air  to  be  provided  for  were  assumed  at  4  for  the 
shipping  room  on  first  floor,  2  for  the  balance  of  first  floor,  and 
1  for  the  rest  of  building. 

From  Carpenter  we  learn  that  1  British  thermal  unit  will 
heat  55  cubic  feet  of  air  1  degree,  and  following  his  reasoning 
we  get  the  following  formula  for  total  heat  loss  : 

SOnC       ,^ 

H  =  SOG  +   16  TF  + +  lOtv. 

55 

in  which  : 

G  =  exposed  glass  surface  in  square  feet. 

W  =  exposed  wall  surface  in  square  feet. 

IV  =  wall  surface  adjoining  west  store. 

C  =  cubic  feet  of  space  to  be  heated. 

71  =  changes  of  air  per  hour. 

This  formula  gives  the  amount  of  heat  which  the  system  must 

supply  to  replace  the  heat  lost  from  wall  and  glass  exposure 

when  the  building  is  maintained  at  70  degrees  Fahr.,  and  the 

external  temperature  is  — 10.     It  also  provides  heat  to  bring 

the  fresh  air  entering  building  through  doors,  windows,  etc.,  to 

the  same  temperature. 

It  has  been  shown  that  one  square  foot  of  ordinary  direct 

radiating  surface  will  give  off  about  280  British  thermal  units 

per  hour,  with  steam  of  2  pounds'  gauge  pressure.    Dividing  the 

heat  loss  by  280,  and  reducing,  we  get  the  following  formula  for 

radiating  surface : 

W   .      W         7lC\ 

8  "^55/ 


B^^lG^-^  +  -^  +  '^). 
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In  using  this  formula,  tlio  factor  =  was  changed  to  }^  to  allow 
for  the  severe  northern  exposure,  and  to  admit  of  the  building 
being  heated  quickly  when  cold. 

No  special  ventilation  was  provided  for  the  upper  floors.  The 
rooms  were  all  very  large  and  occupied  by  but  few  people.  It 
was  thought,  therefore,  that  sufficient  fresh  air  would  find  its 
way  through  the  doors,  Avindows,  stairways,  elevator  shafts,  etc., 
to  keep  the  rooms  pure.  As  this  air  would  have  to  be  heated, 
however,  it  was,  as  already  stated,  assumed  that  the  leakage 
would  amount  to  two  entire  changes  of  air  on  main  floor,  four 
in  shipping  room — where  the  doors  were  constantly  opening 
and  closing — and  one  on  the  upper  floors.  The  roof  not  being 
ceiled  in,  was  assumed  to  have  a  heat  loss  equal  to  that  of  the 
exposed  brick  walls.  This,  with  the  skylights,  accounts  for  the 
large  amount  of  heating  surface  on  the  eighth  floor.  On  this 
basis  the  radiating  surface  was  found  to  be  as  follows  : 


Floor. 

Location. 

Number  of  Coils  or 
Radiators. 

Square  Feet  Radiation. 

Specified. 

Paul. 

1st 

1st 

Skylights 
Store 
Shipping  room 

4        714  sq.  ft. 
21     4,054       " 

5—1,053       " 
14 
13 
13 
12 
i^ 
11 
16—3,357      " 

9—    888      " 

5,821 
2,772 
2,574 
2,574 
2,376 
2,376 
2,178 

4,245 

1st 

2d 

3,372 
2,184 
2,105 

3d 

4th 

2  054 

Otll 

1,944 

6tli 

1.944 

7tli 

Store 
Skylights 

Total 

1,716 

8tli 

8tli 

2,754 

130 

24,916 

18,073 

The  last  column  shows  the  radiating  surface  put  in  under  the 
Paul  system,  and  guaranteed  to  do  the  same  work. 

The  heat  loss  in  basement  being  very  small,  no  radiating  sur- 
face was  provided  here.  The  steam  and  return  pipes,  however, 
were  all  left  uncovered. 

The  general  arrangement  and  location  of  radiators,  mains,  and 
branches  are  shown  in  Figs.  100,  101,  1U2,  103,  105,  and  106. 
The  system  of  steam  distribution  was  that  of  a  main  distrib- 
uting riser  going  to  the  top  floor,  and  there  branching  both 
ways  (see  Fig.  103)  along  the  four  walls,  and  supplying  single- 
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pipe  (lesceiuliii«^  risers,  from  wliicli  brjinch  connections  were 
taken  to  all  radiators.  A  lew  coils  of  1-inch  pipe  were  placed 
in  skyliglits  and  providfMl  with  donble-pipo  connections.  The 
basement  retnrn  for  descend in<^  risers  was  divided  into  two 
sections   (Fig.   100).     The  radiators  on  first  floor  were    to  be 
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supplied    b}'   an  independent  single-pipe   main,  going  entirely 
round  basement,  and  carrying  both  steam  and  returns. 

The  selection  of  the  maximum  heating  pressure  at  between 
two  and  three  pounds  fixed  the  velocity  of  steam  in  mains  at 
about  37^  feet  p^r  second,  causing  a  drop  of  pressure  about  .1 
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pound  iu  100  feet.  These  values  were  used  in  proportioning 
the  mains  and  branches  with  proper  allowance  where  the 
double-pipe  system  was  used. 

It  was  recognized  that  the  unit  values  here  assumed  would 
result  in  a  liberally  designed  system,  capable  of  heating  and 
circulating  easily  and  quickly,  and  of  taking  care  of  extreme 
conditions  satisfactorily.  Many  engineers  would  have  figured 
the  work  more  closely,  and  have  taken  the  chances  on  satisfac- 
tory service,  but  it  was  not  deemed  good  engineering  to  do  so 
in  this  case. 

The  radiator  connections  and  valves  specified  were  as  follows, 
being  single  pipe  in  each  case  : 

Under  24  square  feet ...  1    inch. 

24    to    50       "        "   1\     '' 

50    to  125        "        "   li     " 

125  to  200       ''        "  2      " 

Above  200       "        "   2^     " 

The  main  riser  is  also  intended  to  be  used  as  a  free-exhaust 
pipe,  thus  saving  a  long  length  of  large  pipe.  This  necessitates 
placing  the  back  pressure  and  controlling  valves  of  the  heating 
system  in  the  top  floor,  an  inconvenience  which  was  justified 
by  the  saving  in  first  cost.  All  branches  were  to  be  attached 
to  mains  by  flanged  unions,  and  to  be  independently  valved. 
Branches  from  risers  to  radiators  were  to  have  a  pitch  of  1  inch 
to  the  foot,  and  if  over  18  inches  long,  were  to  be  one  size  larger 
than  the  radiator  valve. 

The  radiators  were  to  be  of  the  plain  cast-iron  three  or  four 
column  pattern,  88  inches  or  44  inches  high.  The  use  of  such 
large  radiators  was  due  to  the  desire  to  simplify  the  plant  and 
keep  down  its  cost.  It  was  believed  that  they  would  answer  the 
purpose  satisfactorily,  as  the  rooms  were  all  large  and  the  heat 
would  readily  distribute  itself.  Some  of  the  radiators  on  the 
first  floor  were  to  be  covered  with  marble  slabs,  and  others — 
marked  "S"(Fig.  101) — were  to  have  deflecting  shields.  Ap- 
proved air  valves  were  to  be  located  where  necessary. 

The  fittings  were  to  be  of  the  "  sweep  "  or  long-radius  pattern 
to  reduce  friction.  No  plugs  or  bushings  were  to  be  used.  * 
Fittings  were  to  be  eccentric  where  necessary.  All  work  8 
inches  and  larger  was  to  be  flanged,  except  couplings  on  low- 
pressure  work.  The  valves  were  to  be  angle  or  gate  ;  radiator 
valves,  corner  or  angle.     Valves  under  2^  inches  to  be  of  best 
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steam  metal.  Pipes  to  he  ])r()perly  protected  with  sleeves 
where  j)assiiig  tlirough  floors,  ceilings,  or  walls.  All  pipe 
Hues  were  to  have  a  jiitch  of  |  inch  to  ^  inch  in  10  feet,  in  the 
direction  of  the  current  of  steam  or  water.  They  were  to  be 
supported  or  anchored  by  approved  devices  at  intervals  not 
exceeding  10  feet,  with  due  provision  for  expansion  and  con- 
traction. All  work  was  to  be  thoroughly  cleaned  and  painted. 
The  entire  system  was  to  be  tested  with  50  pounds  steam  pressure 
and  made  absolutely  tight.  Bidders  on  this  section  were  to 
state  make  of  radiator  offered,  whether  three  or  four  column, 
and  its  height.  They  were  also  to  file  discount  sheets  on 
material  and  labor,  on  which  basis  extra  work  could  be  ordered 
if  needed. 

Bidders  were  also  to  submit  alternative  propositions  on  the 
Paul  and  Webster  systems  of  air  removal.  It  is  not  intended  to 
discuss  these  systems  here  at  length.  Both  provide  means  for 
quickly  and  positively  removing  the  air  from  radiating  surfaces, 
and  thus  maintain  it  at  all  times  at  the  highest  efficiency.  The 
positive  means  by  which  this  is  done  permits  the  circulation  of 
a  greater  amount  of  steam  through  the  system,  and  the  net  result 
is  that  more  work  is  done  by  a  given  amount  of  radiating  sur- 
face. The  system  works  without  noticeable  pressure,  and  there- 
fore relieves  the  engines  of  the  back  pressure  which  ordinarily 
accompanies  the  use  of  exhaust  steam  in  heating,  thus  permit- 
ting the  use  of  compound  engines,  and  making  higher  engine 
economies  possible.  Other  incidental  advantages  are  the  re- 
moval of  noises,  odors,  water,  etc.,  due  to  air  valves  discharging 
into  the  rooms. 

In  the  Paul  system  the  air  valves  on  the  radiators,  steam 
lines,  etc.,  are  connected  to  an  independent  system  of  air  mains 
of  small  pipe  leading  to  an  air  jet  or  siphon  operated  by  steam 
in  the  engine  room.  This  "  exhauster"  produces  a  vacuum  on 
the  air  line  reaching  to  the  radiators.  The  air  valves  are  so 
located  as  to  collect  the  air  to  best  advantage.  The  cooling  due  to 
the  accumulation  of  air  causes  the  air  valve  to  open,  when  the 
vacuum  system  immediately  exhausts  the  air  from  the  radiator. 
'The  air  valve  closes  as  soon  as  it  is  warmed  by  the  incoming 
steam.  In  this  way  the  entire  radiator  is  kept  warm  at  all 
times.  The  Paul  system  does  not  handle  any  water,  and  is 
applicable  to  either  the  single  or  double  pipe  system. 

The  Webster  system  is  similar,  except  that  it  handles  water 
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as  v/ell  as  air,  and  is  usually  connected  to  the  regular  return 
system.  Where  the  single-pipe  system  is  used  a  small  se])a- 
rate  return  main  is  run.  The  actuating  mechanism  in  basement 
is  a  steam  pump,  which  handles  both  water  and  air,  and  main- 
tains the  necessary  vacuum. 

Many  other  incidental  advantages  are  claimed  for  both  sys- 
tems, and  they  are  found  quite  satisfactory  in  service,  and  are 
coming  into  general  use. 

It  was  thought  desirable  to  ask  for  bids  in  the  above  manner, 
rather  than  to  specify  one  or  both  systems,  in  order  that  a  com- 
parison could  be  made  between  them,  and  a  system  designed  to 
accomplish  the  same  results  with  a  back  pressure  so  low  as  to 
he  unobjectionable. 

In  determining  the  boiler  horse-power  necessary  for  the  heat- 
ing, it  was  assumed  that  each  of  the  24,916  square  feet  of  radi- 
ating surface  would  condense  about  .3  pound  of  steam  per  hour 
as  a  maximum  when  in  active  service,  a  total  of  7,475  pounds, 
which,  being  divided  by  30,  gives  the  boiler  horse-power  as  249. 

Section  G — Large  Pipeivork  and   Other  Apjjaratus. 

While  the  exact  data  for  this  section  could  not  be  secured 
until  the  boilers,  engines,  and  elevators  had  been  selected,  it 
was  possible  to  map  it  out  in  a  general  way.  It  included  the 
high-pressure  connections  from  boilers  to  engines  and  pumps, 
exhaust  connections  to  roof,  and  heating  system,  all  the  neces- 
sary covering,  drains,  blow-offs,  receivers,  controlling  and  relief 
valves,  and  other  apparatus.  The  general  arrangement  is  shown 
in  Figs.  105  and  106. 

High-pressure  steam  at  125  pounds  was  to  be  provided  for  the 
engines  and  pumps.  The  exhaust  w^as  to  be  used  for  heating, 
supplemented  by  live  steam  when  required.  The  contractor  for 
this  section  was  to  take  the  heating  plant  from  where  the  con- 
tractor for  Section  F  left  it  and  connect  it  with  the  rest  of  the  sys- 
tem complete.  Each  steam  engine  was  to  have  a  separator  near  its 
throttle  of  the  "  Sweet  "  or  equivalent  make.  The  engines  were 
located  so  close  to  the  boilers,  and  the  steam  pipes  were  so  large, 
that  the  writer  deviated  from  his  usual  practice  of  combining  the 
separators  with  receivers.  Returns  from  the  separators  were  to 
be  trapped  into  receiver.  Two  300  horse-power  Hoppes  or 
equivalent  feed-water  heaters  were  to  be  supplied.     This  large 
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capacity  was  duo  to  tlie  fact  tliat  these  heaters  served  also  as 
receivers  and  expansion  tanks.  It  was  intended  also  that  one 
coidd  1)(^  cut  out  for  ch\inin<j;  or  rc[)airs  without  seriously  dis- 
turbing working  conditions.  No  separate  grease  extractor  was 
provided,  other  than  those  which  come  wnth  this  type  of  heater. 
Three  6  by  4  by  6  outside  plunger  duplex  pumps  were  spc^cified — 
one  for  boiler  feeding ;  one  for  the  w^ater  service  of  the  building ; 
the  third  a  reserve,  capable  of  taking  the  place  of  either  of  the 
others.  The  house  j)ump  was  to  have  a  regulator  to  maintain  a 
constant  water  level  in  the  house  tank  on  top  floor.  The  con- 
tractor was  also  to  furnish  a  small  direct-acting  air  pump,  of  the 
locomotive  type,  for  the  sprinkling  system.  All  pumps  were  to 
be  proj^erly  connected,  with  steam,  exhaust,  and  feed-pipe  con- 
nections, blow-offs,  and  drains,  leading  to  blow-off  tank.  The 
latter  w^as  to  be  of  |-incli  cast  iron,.  36  inches  by  36  inches, 
located  under  boiler-room  floor,  provided  with  manhead,  over- 
flow to  sewer,  and  2-inch  vent  pipe  to  roof.  Blow-off  pipes 
from  boilers,  heaters,  and  miscellaneous  drains,  discharged  into 
this  tank.  There  was  to  be  a  5  by  10  pressure  reducer,  guaran- 
teed to  w^ork  anyw^here  from  a  slight  vacuum  to  10  pounds  gauge 
pressure,  to  admit  live  steam  automatically  to  the  heating  system 
whenever  there  w^as  a  deficiency  of  exhaust.  This  regulator  w^as 
to  be  by-passed,  so  that  it  could  be  taken  out  for  examination  or 
repairs  w^ithout  interfering  w4th  the  working  of  the  system.  A. 
10-inch  back-pressure  valve  was  to  be  located  in  the  eighth  story 
on  free  exhaust,  which  would  open  to  the  atmosphere  in  case 
of  excessive  pressure  on  t-he  heating  system.  A  complete  lubri- 
cating system  w^as  to  be  supplied  for  oiling  all  engines  and 
pumps  from  a  central  source.  A  marble  gauge  board  (Fig.  108) 
was  to  be  erected  in  engine  room,  holding  a  high -pressure  gauge 
for  main  steam  line  ;  a  low^-pressure  gauge  for  heating  main ;  a 
combination  w^ater-pressure  gauge  for  city  water  main,  and  an- 
other f  jr  house  supply  system,  and  an  8-day  clock,  all  to  be  10- 
inch  dial,  nickel  plated.  The  same  general  provisions  were 
made  as  in  Section  F  for  covering,  material,  and  workmanship. 
The  feed-w^ater  heaters,  and  all  high-pressure  and  exhaust  lines 
in  boiler  and  engine  rooms,  were  to  be  covered  with  high-grade 
covering,  equal  to  the  K.  &  M.  Magnesia,  or  Nonpariel  cork,  of 
standard  thickness,  canvassed  and  painted.  Smoke  flues,  and 
domes  of  boilers,  were  to  be  covered  wdth  1^-inch  blocks  of 
same  material.    All  high-pressure  w^ork  w^as  to  be  tested  with  125 
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pounds  steam,  and  made  titjlit  at  that  pressure.     This  contrac- 
tor was  to  furnish  all  foundations  necessary  for  his  work. 

Contracts  and  Prices. 

In  view  of  the  central  location  and  general  character  of  the 
building  and  its  tenants,  and  the  fact  that  the  installation  was 
intended  to  be  a  model  one,  there  was  great  competition  for  the 
work.  Furthermore,  as  all  bidders  were  figuring  on  practically 
identical  specifications,  there  was  no  chance  to  claim  advantages 
due  to  superiority  of  apparatus  or  methods.  The  figures,  there- 
fore, were  strictly  comparative. 

On  account  of  this  competition,  the  work  was  let  at  exceed- 
ingly low  figures,  as  will  be  seen  below,  the  usual  profits  being 
cut  out,  and  in  some  instances  losses  sustained.  These  figures 
should,  therefore,  be  used  with  caution,  and  from  10  to  20  per 
cent,  added  when  estimating  the  cost  of  new  work.  Due  allow- 
ance should  also  be  made  for  differences  in  the  character  of 
buildings  and  the  service  rendered,  as  determined  by  the  peculi- 
arities of  the  business  carried  on  in  it.  This  is  wholly  a  ques- 
tion of  experience  and  judgment. 

The  owners  of  the  building  under  consideration  did  not  feel 
warranted  in  supplying  their  tenants  with  a  high-grade  plant, 
claiming  that  the  lease  did  not  require  it.  As  the  tenants  had 
made  a  ten  years'  lease,  however,  and  would  have  to  meet  the 
fuel  bills,  they  agreed  to  pay  part  of  the  extra  expense. 

It  was  not  definitely  decided  to  put  in  a  complete  plant  until 
final  bids  were  in,  and  estimates  of  cost  of  operation,  repairs, 
and  maintenance  had  been  made.  Up  to  that  time  the  securing 
of  all  electrical — and  even  steam — service  from  a  central  station 
was  under  serious  consideration.  The  figures,  however,  showed 
a  material  saving  by  operating  their  own  plant,  due  principally 
to  the  use  of  exhaust  for  heating. 

Section  A — Water- Tithe  Boilers. — Compound  engines  and  elec- 
tric elevators  having  been  selected,  requiring  303  boiler  horse- 
power as  already  shown,  it  was  thought  safe  to  reduce  the  boiler 
capacity  to  three  units  of  150  horse-power  each,  two  to  do  the 
ordinary  maximum  service.  This  was  equivalent  to  4,955 
pounds  of  water  per  hour  per  boiler,  from  feed  of  212  degrees 
Fahr.  into  steam  of  125  pounds  gauge  pressure.  Water-tube 
boilers  proving  not  as  high  in  price  as  expected,  that  type  w^as 
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selected,  tlio  boiler  beiii*^  tlie  "  O'lirien,"  miul(;  in  St.  Louis. 
Tliis  boiler  is  similar  ti)  the  Heine,  except  tliat  the  steam  and 
water   drum   is   liorizontal,  and   not   ])arallel  to  the  tubes  ;  the 


Fig.  108. 


front  and  rear  water  legs  are  wider  at  top  than  at  the  bottom, 
and  the  rear  leg  extends  some  distince  below  the  lower  tubes, 
as  a  settling  chamber.     Each  boiler  contained  1,411  square  feet 
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lieatiii<jj  surface,  iucludiu<^  drums  and  tubes  of  the  Hawley  fur- 
nace, or  IK-t  square  feet  heating  surface  per  horse-power.  The 
grate  surface  (upper  grates  only)  was  31.5  square  feet ;  ratio 
grate  to  heating  surface,  1  to  44.78.  The  cost  of  the  three  boil- 
ers set  up,  including  Hawdey  furnaces,  brickwork,  foundations, 
and  smoke  flue,  as  specified  in  Section  A,  was  $6,288,  being 
$13.97  per  horse-power,  or  $1.48  per  square  foot  of  heating 
surface. 

The  cubic  feet  of  gross  capacity  of  building — as  usually  com- 
puted by  architects  from  outside  lines,  and  from  bottom  of 
footings  to  top  of  roof — per  rated  boiler  horse-power,  is  6,771 ; 
and  5,146  cubic  feet  of  space  heated,  per  boiler  horse-powder. 
The  space  heated  included  only  the  actual  indoor  space,  and 
omitted  basement. 

This  section,  and  also  Sections  F  and  G,  w^ere  let  to  Kuj^ferle 
Bros.  Manufacturing  Company,  of  St.  Louis,  at  the  gross  price 
of  $16,511. 

Section  Aa — Common  Boilers. — The  lowest  bid  on  ordinary 
boilers,  as  per  specifications  (Sec.  Aa),  was  $5,997,  being  83,397 
for  the  boilers,  and  $2,100  for  the  Hawley  down-draught  furnaces, 
and  $500  for  the  brickwork.  The  four  boilers  aggregated  524 
horse-power.  The  price  quoted  was,  therefore,  $11.44  per 
horse-power,  or  $0.95  per  square  foot  heating  surface. 

Section  B — Elevators. — The  selection  of  the  elevator  system 
presented  the  greatest  difficulties.  The  bids  based  strictly  on 
the  specifications  seemed  excessive  in  price,  and  the  owners 
directed  that  the  data  be  revised,  with  a  view  of  getting  more 
reasonable  figures.  The  capacity  of  the  elevators  was  therefore 
reduced.  The  two  passenger  and  two  southwest  freight  eleva- 
tors had  their  average  loads  cut  dowm  to  1,500  pounds,  and  the 
four  north  machines  to  1,800  pounds,  being  required  to  carry 
these  loads  at  the  speeds  specified.  They  were  also  to  be  capa- 
ble of  carrying  the  larger  loads  originally  specified,  at  reduced 
speeds.  Wooden  guide  posts  and  strips  were  substituted  for 
the  steel  T  guides.  The  allowance  for  passenger  cabs  w^as  re- 
duced to  $200,  and  the  indicators  omitted. 

On  this  revised  basis  the  Sprague  system  was  selected,  at  the 
price  of  $22,070,  including  ash  hoist.  Tliis  low  price  was  due 
partly  to  the  conditions  already  named,  and  was  made  possible 
by  arrangements  made  with  local  parties  for  erection,  under  a 
Sprague  expert.     The  four  north   elevators  were  to  be  of  the 
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*' X  38"  type,  with  solenoid  control;  and  the  four  south  ele- 
vators of  the  ''  Z  "  ty|)(i,  with  ])ilot  motor  control. 

To  the  above  i)rice  should  be  added  $3,134  for  the  cost  of 
third  onjjjine,  dynamo,  and  apj)urtenances,  making  a  total  of 
$2r),t204  for  the  elevator  plant  complete.  The  cost  per  cubic 
foot  of  building  space  (gross)  for  elevators  alone  was  $.0072, 
and  for  elevators,  with  engine,  dynamo,  and  appurtenances, 
$.0083.  The  cost  ])er  square  foot  of  total  floor  space  was  :  for 
■elevators  alone,  $.105 ;  with  engine,  dynamo,  and  their  auxil- 
iaries, $.12. 

The  selection  of  the  electric  elevator  for  this  important  in- 
stallation was  decided  upon  after  a  thorough  investigation. 
They  were  found  to  be  more  economical  in  fuel  than  any  other 
type — even  the  high  duty  hydraulic — on  account  of  the  light 
loads  usually  carried,  and  the  corresponding  saving  in  power. 
There  was  also  some  saving  in  first  cost.  The  electrical  plant 
afforded  a  much  more  compact  arrangement  in  engine  room. 
As  no  pumping  engines  w^ere  required,  and  no  tanks  or  accumu- 
lators, one  reserve  unit  answ^ered  for  both  the  lighting  and 
elevator  plants.  The  electric  elevator  has  not,  as  yet,  fully 
established  its  reliability  and  low  repair  account  as  well  as  the 
hydraulic,  but  the  latest  and  best  types  seem  to  leave  but  little 
to  be  desired  in  these  directions. 

The  steam  elevators  w^ere,  of  course,  the  lowest  in  first  cost, 
lout  were  not  given  serious  consideration  on  account  of  their 
large  fuel  consumption. 

Section  C — Dynamos,  Switchboard,  etc. — General  Electric  dyna- 
mos were  selected,  the  guaranteed  efficiencies  being : 

At  \    load 84.    per  cent. , 

"  i        "    89.5 

"I       "    91.5 

"full"    91.5 

The  three  75-kilow^att  generators,  with  switchboard*  and 
appurtenances,  as  specified,  cost  $5,135,  or  $22.80  per-kilowatt. 
Speed,  260. 

■Gross  cubic  feet  cared  for  per  kilowatt  of  dynamo  capacity  for  lighting.  .  20,312 

all  pur- 
poses  13,541 

*  The  switchboard  (Fig.  109)  was  built  by  the  Emerson  Electric  Manufactur- 
ing Company,  St.  Louis. 
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S('c/ioii  h  hijinMuo  KiKj'nics. —  The  three  125  horse-power 
eugiiies  selected  were  of  the  Imperial  compound  type,  built  by 
the  Weston  En<^ine  Company,  of  Painted  Post,  N.  Y.  Dimen- 
sions of  cylinders:  hi<^li  pressure,  12  inches  diameter  ;  low,  20 
inches;  stroke,  1-i  inches;  speed,  200.  Price,  $4,208,  or  $11.38 
per  indicated  horses  j)owor.  The  same  builders  offered  three 
simple  engines,  15  inches  by  14  inches,  for  the  same  service  for 
$3,015,  or  $n.04  per  indicated  horse-power.  This  should  be 
reduced  about  5  per  cent,  to  be  strictly  comparable  with  the 
cost  of  the  compounds.  Computations  showed  that  the  horse- 
power hours  of  service  per  year  would  be  sufficient  to  make  the 
fuel  saving  of  the  compound  ovc^r  the  simple  enough  to  warrant 
the  additional  investment. 

The  cost  of  engines  and  dynamos  together  was  $9,403,  which 
is  $41.80  per  kilowatt  of  dynamo  capacity,  and  $25.07  per  indi- 
cated horse-power  of  engine  capacity. 

Gross  capacity  of  building  (cubic  feet)  cared  for  per  horse- 
power of  engine,  8,125. 

Section  E —  Wiring,  Lamps,  Fans,  and  Motors. — This  work  was 
let  for  $6,315,  in  accordance  with  the  specifications,  to  the  Gen- 
eral Electric  Company,  their  220-volt  arc  lamp  being  selected. 
On  the  basis  of  150-kilowatt  capacity,  the  price  per  kilowatt 
was  $42.10,  including  the  entire  work  from  the  switchboard  to 
"the  lights  and  fans,  exclusive  of  special  fixtures  on  first  floor. 
Adding  to  this  two-thirds  of  the  contract  price  for  Sections  C 
and  D  (engines  and  dynamos),  gives  the  total  cost  of  the  electric 
lighting  plant  (exclusive  of  elevators)  as  $12,584,  or  $83.90  per 
kilowatt,  exclusive  also  of  boilers  and  piping. 

Section  F — Heating  System, — This  work  was  let  for  $0,984,  in- 
cluding the  Paul  system  ;  satisfactory  plans  having  been  sub- 
mitted for  reducing  the  amount  of  radiation,  size  of  mains,  etc. 
The  number  and  location  of  radiators  were  the  same  as  specified, 
their  sizes  being  reduced.  Fig.  107  shows  the  arrangement  of  the 
Paul  air  and  steam  risers.  No  other  changes  were  made,  except 
that  the  first  floor  radiators  were  supplied  from  basement  re- 
turn main,  instead  of  from  an  independent  main.  As  satis- 
factory performance  was  guaranteed  with  standard  fittings,  the 
requirements  for  long-radius  fittings  were  waived. 

The  following  table  is  interesting,  as  comparing  the  bids  on 
original  specifications  with  the  contract  price  for  the  Paul 
system : 
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Radiating  surface square  feet    24,910 

Cubic  feet  heated  per  square  foot  radiating  surface 
"     gross       " 

Cost  of   lieating  plant *.    .      ....dollars 

*'    per  square  foot  radiating  surface " 

"  cubic  foot  lieated " 

"      "       "       "     gross " 


As 

Paul 

Specified. 

System. 

24,910 

18,073 

98 

.    128 

122 

169 

7,689 

6.984 

.31 

.39 

.0038 

.003 

.0025 

.00:3 

Paul  System 

with  Boilers 
and  I'ipiiij^. 


18,078 

128 

169 

16,511 

.91 

.0071 

.0054 


It  will  be  noticed  that  tlie  radiating  surface  specified  does  not 
appear  excessive  after  all,  as  each  square  foot  takes  care  of  93 
cubic  feet  of  space  heated,  while  each  square  foot  under  the 
Paul  system  must  heat  128  cubic  feet. 

When  a  heating  system  is  pro^^erh^  proportioned  for  hard 
service,  with  ability  to  heat  a  cold  building  quickly  in  severe 
weather  without  material  back  pressure,  it  is  necessary  to  use 
ample  radiating  surface  and  piping,  which,  of  course,  mean  in- 
creased first  cost.  In  the  present  instance  the  prices  indicate 
that  the  reduced  surface,  etc.,  which  would  do  the  same  work 
under  the  Paul  system,  saA^ed  enough  money  to  not  only  pay  for 
all  special  apparatus,  royalties,  etc.,  but  to  make  a  considerable 
saving  to  the  owners  besides. 

Section  G — Large  Pq^eicorlc  and  Apparatus. — This  was  let  for 
$3,239,  being  $7.20  per  unit  of  boiler  horse-ppwer,  and  18  cents 
per  square  foot  of  radiation  contracted  for. 

Total  Costs. — The  total  cost  of  the  mechanical  plant  ($54,299) 
may  be  divided  as  follows  : 

Per  cubic  foot  of  gioss  space $       .0178 

Per  cubic  foot  of  space  heated .0234 

Per  square  foot  radiating  surface  contracted  for 3.00 

Per  rated  lioise-power  of  boiler  capacity 120.66 

Per  indicated  horse-power  of  engine  capacity 144.80 

Per  kilowatt  of  generator  capacity 241.32 

The  total  cost  of  building,  including  mechanical  equipment, 
ready  for  the  tenant's  use,  was  $301,000,  or  9.9  cents  per  gross 
cubic  foot,  and  13  cents  per  cubic  foot  heated.  The  cost  named 
included  $20,000  for  the  use  of  the  party  Avails  of  the  adjoining 
buildings,  and  $10,000  for  Luxfer  prism  glass,  and  $9,000  for  a 
sprinkling  system.  The  value  of  the  ground  was  $200,000, 
making  the  total  iuA^estment  a  trifle  oyer  $500,000. 
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Tests  and  Performance. 

During  construction  and  erection  the  work  was  under  the 
supervision  of  the  engineers,  and  on  completion  it  was  submitted 
to  careful  inspection  and  tests  to  determine  whether  the  con- 
tract guarantees  liad  been  met.  Since  going  into  service  the 
plant  has  been  under  the  observation  of  the  engineers,  so  that 
close  track  has  been  kept  of  its  performance. 

Section  A — Boilert;. — These  were  submitted  to  a  number  of 
evaporative  trials  to  determine  their  capacity  and  efficiency. 
The  details  are  not  given  here,  as  the  methods  and  results  are 
of  no  special  interest.  The  boilers,  however,  give  good  service, 
particularly  in  capacity,  dryness  of  steam,  and  smokelessness. 

Section  B — Elevators. — An  exhaustive  detailed  test  of  capacity, 
speed,  and  efficiency  was  made  on  No.  5  elevator,  type  "  X  38," 
situated  in  the  northeast  shaft,  and  on  No.  1,  type  "Z,"  located 
in  the  southwest  shaft.  Simultaneous  readings  at  2i -second  in- 
tervals were  taken  of  the  voltage,  speed,  and  current — the  latter 
being  checked  by  two  instruments,  two  observers  reading  in- 
dependently. The  live  loads  upon  the  platforms  were  obtained 
by  weighing. 

The  speed  of  travel  was  calculated  by  dividing  the  revolutions 
of  the  armature  by  the  known  ratio  between  speed  of  armature 
and  speed  of  car.  The  power  consumed  per  trip  was  obtained 
by  plotting  the  curves  of  current  r  adings  (Fig.  110),  the  area  of 
which — multiplied  by  the  voltage — gives  the  watt  hours  per 
trip.  This  was  reduced  to  mile  of  travel  by  multiplying  the 
watt  hours  per  trip  by  the  fraction  that  one  round  trip  is  of  one 
mile.     The  following  table  gives  the  results  : 


Elevator. 

Live  Load, 
Pounds. 

Speed  Up, 
Ft.  per  Min. 

Speed  Down, 
Ft.  per  Min. 

Kw.  Hours  per 

Car  Mile. 

Remarks. 

Z,  No.  1 

147 

271 

268 

3.14 

It 

1)08 

256 

256 

3.14 

it 

2,997 

153 

157 

4.22 

Slow  speed. 

<  ( 

2,997 

256 

290 

4.19 

High  speed. 

4,000 

147 

192 

4.05 

Slow  speed. 

X  38,  No.  5 

147 

153 

153 

8.14 

(< 

1,008 

157 

155 

3.19 

(( 

4,000 

152 

160 

3.34 

(( 

5,012 

153 

160 

3.81 
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The  observed  data  from  the  X  38  machine  are  plotted  in  Fig. 
110.  It  is  interesting  to  note  the  current  of  return  to  the  line  with 
light  loads  ascending  and  heavy  loads  descending.     It  will  be 
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noted  that  No.  1  elevator  has  a  down  speed,  with  operator  only, 
of  268  feet  per  minute.  With  the  same  counterbalancing,  it 
carries  a  load  of  3,000  pounds  up  at  153  feet  per  minute,  with 
motor  operating  on  slow-speed  notch  of  operating  lever.  When 
operated  at  high  speed,  this  elevator  lifted  3,000  j)ounds  at  a 
19 
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speed  of  '256  feet  ])er  minute,  and  with  an  economy  per  round 
tri])  sliglitly  better  than  when  operated  at  sk)w  speed.  This 
elevator  carried  4,000  pounds  up  at  147  feet  per  minute,  when 
operated  on  the  slow-speed  point  of  operating  lever. 

The  No.  5  elevator  has  a  down  speed  of  15'>  feet  per  minute 
when  running  with  oj^erator  onh%  and  carries  its  full  rated  load 
of  4,000  pounds  up  at  a  speed  of  15'2  feet  per  minute.  This  ele- 
vator carries  5,000  pounds  up  at  a  speed  of  153  feet  per  minute. 

It  is  particularly  interesting  to  note  that  the  efficiency  in 
kilowatt  hours  per  car  mile  increased  but  slowly  with  increased 
loads.  The  kilowatt  hours  per  car  mile  of  travel  are  equal  to 
good  average  practice,  and  will  probably  improve  after  longer 
operation  of  the  plant. 

The  adjustment  of  the  starting  devices  on  the  elevators  was 
found  to  be  for  a  2J  to  3  seconds'  start.  This  made  the  start- 
ing current  exceed  the  running  current  by  more  than  the  50  per 
cent,  specified,  which  was  based  on  a  5  seconds'  start.  When 
the  starting  devices  were  readjusted  for  a  5-second  start,  this 
condition  of  the  specifications  was  practically  met.  It  is  a 
question  of  judgment,  therefore,  whether  the  tenants  prefer 
a  slow  and  easy  start  and  a  smooth-running  electric  plant,  or  a 
quick  start  and  a  correspondingly  severe  and  sudden  demand 
upon  the  dynamo  and  engine. 

Two  dynamos  were  operated  in  multiple,  running  both  ele- 
vators and  lights.  With  a  variation  of  load  from  250  to  600 
amperes,  the  ordinary  variation  of  voltage  was  from  220  to  226, 
and  the  maximum,  218  to  228.  With  a  variation  of  load  from 
200  to  500  amperes,  the  average  variation  of  voltage  was  from 
216  to  220,  and  the  maximum  214  to  222.  This  variati(m  did 
not  affect  the  lights  sufficiently  to  be  noticeable,  unless  the 
observer's  attention  was  called  to  it,  but  has  been  further  im- 
proved by  a  more  careful  adjustment  of  the  elevator-starting 
devices. 

The  wattmeter  on  switchboard  shows  the  electric  power  used 
by  the  eight  elevators  from  July  12  to  27,  1898,  inclusive,  or 
138^  hours'  operation,  to  have  been  1,920  kilowatt  hours,  or  an 
average  electrical  horse-power  per  hour  of  18.6  for  the  plant,  or 
2.3  horse-power  per  elevator. 

During  the  month  July  12-August  12,  1898,  the  hours  of 
operation  were  283.5,  and  the  average  electrical  horse-power 
wcs  19.2,  or  2.4  per  elevator.     Unfortunately,  no  records  were 
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kept  of  the  miles  of  travel  during  this  time,  but  they  may  be 
roughly  approximated  as  follows,  taking  the  first  period  men- 
tioned : 

Assuming  an  average  efficiency  of  4  kilowatts  per  car  mile, 
the  1,920  kilowatt  hours  mean  a  travel  of  480  miles.  The 
travel  of  the  eight  elevators  per  round  trip  is  1,608  feet,  or  .304 
mile.  Dividing  480  by  .304,  the  number  of  round  trips  is  found 
to  be  1,579  in  138.5  hours,  or  11.4  per  hour,  or  5^  minutes  per 
round  trip.  As  the  average  travel  is  about  201  feet,  and  the 
average  speed  about  200  feet  per  minute,  the  round  trip  should 
have  been  made  in  about  a  minute.  This  indicates  that  the  ele- 
vators averaged  about  J  the  time  in  motion,  instead  of  ^  to  ^,  as 
originally  assumed  for  maximum  service. 

It  is  gratifying  to  note  that  the  power  actually  required  to 
operate  the  elevator  plant  is  considerably  less  than  originally 
estimated.  This  is  due  to  the  use  of  apparatus  of  higher  effi- 
ciency than  assumed,  to  smaller  percentage  of  time  in  motion, 
and  to  the  loads  contracted  for  being  less  than  specified. 

The  data  in  the  following  table,  showing  the  relative  per- 
formance of  three  elevator  plants  in  St.  Louis,  will  be  found 
interesting. 

A  and  B  are  high-pressure  hydraulic  plants  of  the  most 
modern  type,  plant  A  having  a  high  duty  compound  crank  and 
fly-wheel  pumping  engine,  and  B  an  ordinary  direct-acting  com- 
pound pump.  The  Hagardine-McKittrick  plant  is  shown  in 
column  C,  and  is  furnishing  arc  and  incandescent  lights  from 
the  same  bus  bars.  The  fuel  and  water  results  are  computed 
from  the  guaranteed  efficiencies  of  boilers  and  engines ;  the  ele- 
vator data,  however,  being  based  on  actual  test. 


Cost  of  coal  per  ton  of  2,000  lbs 

Water  evaporated  per  pound  coal 

Water  required  per  I.H.P.  hour 

Coal  "         '  •     "     "         "      

Kw.  hours  per  car  mile — average  load 

H.P.      "      "     "      '•  "  "     electrical 

indicated 

Lbs.  coal      "     "       "  "  " 

Cost  of  same — cents 

Average  I.H.P  per  elevator  July  12- Aug.  12,  1898. . . 

Cost  of  coal  per  elevator  per  hour — cents 

"     day  of  10  hours — aver^ige  cents 

Cost  on  basis  of  a  round  trip  every  9  minutes — cents. 


A. 


$1.35 


24. 
1.62 


4.13 


B. 


$1.50 
8.     I 

54.21; 
6.78 


58.54 
4.39 


2.92 

29.24 

9.75 


$1.40 
7.64 

25. 
3.27 
3.165 
4.24 
5.30 

17.33 
1.21 
3.00 
.69 
6.87 
2.75 
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Tlio  uiil'iivorablc  sliowiii*^  ol"  pLiiit  1>  is  due  almost  wholly  to 
the  low  duty  pumping  engirio.  The  ordinary  hydraulic  plant, 
using  low-water  pressures,  and  ordinary  duplex  pumps — some- 
times not  even  compounded — is  still  more  wasteful  in  fuel.  The 
favorable  showing  of  the  electric  elevators  is  due  to  good  coun- 
terbalancing, reduced  power  with  h)ads  under  the  maximum, 
and  compound  steam  engines.  The  tests  of  kilowatt  hours  per 
car  mile  were  made  with  stops  and  starts  at  terminals  only. 
The  power  required  will,  of  course,  be  larger  when  many  inter- 
mediate stops  are  made. 

Section  C — Generators. — Exhaustive  tests  were  conducted  on 
the  dynamos,  covering  capacit}*,  heating,  efficiency,  and  general 
operation,  with  varying  loads,  both  under  and  above  rating.  Very 
satisfactory  performance  was  found,  and  complete  conformance 
with  the  rigid  requirements  of  the  specification.  The  efficiency 
of  the  generators  at  various  loads  was  computed  by  means  of 
indicator  diagrams  and  switchboard  readings,  using  carefully 
calibrated  instruments. 

Section  D — Enghie.'i. — These  were  tested  for  capacity,  regula- 
tion, and  general  joerformr.nce,  and  were  found  acceptable.  The 
following  results  were  secured  : 

Indicated  liorse-power 126. 74 

Electrical  horse-power  at  switchboard 102 .  37 

Efficiency  uf  eng-ine  and  dynamo  unit — per  cent 80  77 

Water  rate  per  indicated  horse-power  hour — jjounds 26.7',i 

The  latter  was  a  trifle  higher  than  the  guarantee  of  25,  but 
the  test  load  was  a  little  too  large,  and  the  engine  was  a  trifle 
out  of  adjustment.  The  engine  efficiency  was  determined  by  a 
four  hours'  trial,  measuring  the  water  which  entered  the  boiler, 
and  collecting  the  condensation  in  pipe  system  by  means  of 
separators,  drains,  and  traps,  and  deducting  its  weight  from 
that  of  the  water  which  had  been  pumped  through  the  measur- 
ing tanks. 

Section  E^  Wiring,  etc. — This  section  required  but  few  tests, 
those  made  covering  the  points  of  insulation,  resistance,  and  the 
operation  of  the  220-volt  enclosed  arc  lamps,  and  the  accom- 
panying mechanism,  switchboard,  etc.,  all  of  which  was  found 
satisfactory. 

Secti'm  F — Heating  System. — Tests  on  this  part  of  the  plant 
have  not  yet  been  made,  as  the}'  coald  not  be  carried  on  success- 
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fully  until  cold  weatlier.  The  system,  however,  was  in  use  dur- 
ing a  number  of  cold  days  in  October,  and  its  performance  was 
satisfactor}'.  The  Paul  exhausters  maintained  a  vacuum  on  the 
exhaust  line  of  15  to  20  inches,  and  the  heating  was  done  with 
2 -pound  back  pressure,  and,  no  doubt,  could  have  been  done 
with  less.  The  circulation  throughout  the  system  was  found  to 
be  complete,  and  all  radiators  hot,  within  twenty  minutes  after 
turning  steam  of  J -pound  pressure  into  the  cold  system. 

Sccdon  G — Large  Pi])ework. — il^o  special  tests  were  required 
on  this  work,  other  than  the  observation  of  the  actual  perform- 
ance of  the  different  units  in  service.  All  were  found  to  do_ 
their  work  satisfactorily. 

In  conclusion,  it  is  interesting  to  note  the  actual  working 
efficiency  of  the  plant  as  compared  with  that  of  the  building 
formerly  occupied  by  the  same  tenants.  There  the  lighting, 
heating,  and  elevator  service  were  less  than  half  that  of  the  new 
building,  as  were  also  the  floor  space,  cubic  feet,  and  actual 
business  transacted.  The  old  building  employed  old-style 
boilers  and  furnaces,  simple  dynamo  engines,  and  steam  ele- 
vators. It  was  a  corner  building,  however,  and  required  but 
little  artificial  light  during  the  day.  In  spite  of  this,  however, 
the  improved  apparatus  in  the  new  plant  has  kept  the  coal  con- 
sumption down  to  only  about  25  p^r  cent,  more  than  in  the  old 
building,  although  the  work  done  has  moi*e  than  doubled. 


APPENDIX. 

Exhibit  A. 

Recapitulation  of  Data  as  to  Costs,  Ratios,  Performance,  Etc. 

In  using  these  figures,  or  comparing  them  with  others,  refer- 
ence should  be  made  to  the  explanations  in  the  body  of  the 
paper,  to  determine  the  exact  meanings. 

Boiler  Plant. 

Square  feet  heating  surface  per  rated  horse-power • 9.4 

Katio  grate  to  heating  surface 1  to  44.78 

Cubic  feet  of  buildin;^ — gross — per  rated  horse-power 6771 

"     "         "  heated      "       "         "  "      5146 

Cost  of  complete  boiler  plant,  per  horse- power $13.97 

"  "         "     square  foot  heating  surface. . .  1.48 

Cost  of  ordinary  boilers  to  do  the  same  work,  per  rated  H.-P 11.44 

"     "         "  "       "     "     "       ""        "         "    sq.  ft.  H.  S...  .95 
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h'/rrlrlr,   Klcvtiior  Plant. 

Cost  per  p^ross  (niUic  foot  of  building— elevators  alon(i $.0072 

"    per  g^ross  (■iil)i(t  foot  of  buildijig — elevators  with  eiijL^iiK!  and 

(lynaiiu) .0083 

"    per  square  foot  total  floor  space — cdevators  alone .105 

"    per  squju-e  foot  total   floor  space— elevators  with  eii^in(i  and 

dynamo    -120 

Kilowatt  hours  re(juired  ])('r  car  nii'e  of  travel v5,14  to  4.23 

Average  electrical  horse- power  required  per  elevator 2.35 

Dynamos  and  Switchboard. 

Cost  per  kilowatt  of  rated  capacity $22.80 

Gross  cubic  feet  cared  for  per  kilowatt,  for  lighting 20,312 

"       "         "       "         "     "           "           "    all  purposes 13,541 

Steam  Engines  for  Dynamos. 

Cost  of  compound  engines  with  foundations,  per  rated  II. -P $11.38 

"     per  rated  kilowatt  of  dynamo  capacity 18.97 

"     of  simple  engines  to  do  the  same  work,  per  rated  H.-P 9.64 

Gross  cubic  feet  cared  for  per  rated  horse-power  of  engines 8,125 

Water  rate — pounds  per  indicated  horse-power  per  hour    26.79 

Cost  of  dynamos  and  engines  per  rated  kilowatt  of  dynamos $41.80 

"     "         "           "         "           "      "       horse-power  of  engines. ..  25.07 

Efl&ciency  of  dynamo  and  engine  unit,  per  cent 80.77 

Wiring,  Lamps,  Fans,  and  Motors. 

Cost  per  kilowatt  of  dynamo,  lighting  capacity $42.10 

"    including  lighting,  dynamos,  and  engines 83.90 

Heating  System. 

Cubic  feet  gross  space  per  square  foot  radiating  surface 169. 

"       "     heated     ''       "         "         "         "                "       128. 

Cost  per  square  foot  radiating  surface $.39 

"    with  boilers  and  piping .91 

"    per  cubic  foot  gross  space .003 

"    with  boilers  and  piping .0071 

"    per  cubic  foot  heated  space .0023 

**   with  boilers  and  piping .0054 

Large  Pipework  and  Apparatus. 

Cost  per  rated  boiler  horse-power $7.20 

**      "   square  foot  of  radiating  surface .18 

Complete  Mechanical  Plant. 

Cost  per  cubic  foot  of  gross  space $.0178 

"      "    cubic  foot  of  space  heated ....  .0234 

'*     '^   square  foot  radiating  surface  contracted  for 3.00 
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Cost  per  rated  hor:^e-]>ower  of  boiler  capacity $120.66 

"      "    indicated  horse-power  of  engine  capacity 144.80 

"      "    kilowatt  of  generator  capacity 241.32 

Completed  Building, 

Cubic  feet  of  space,  gross 3,046,727. 

"     "       "     heated 2,315,612. 

Square  feet  of  floor  space  210,116. 

Cost  of  building  per  cubic  foot  gross $.099 

"     "         "          "       "         "heated .130 


DISCUSSION. 

Mr.  A.  K.  Mansfield. — The  portion  of  this  paper  relating  to  the 
economy  of  the  engines  is  of  particular  interest  to  me,  for  I  am 
engaged  in  the  production  of  engines,  which  are  used  in  similar 
mechanical  plants.  Moreover,  we  have  lately  made  a  careful  test 
of  an  engine — at  the  works  of  the  Buckeye  Engine  Company — 
which  is  so  nearly  of  the  same  size  and  power,  and  test  was  made 
under  so  nearlv  like  conditions,  that  it  may  interest  our  members 
to  compare  the  result  with  that  given  by  Mr.  Bryan. 

Our  engine  had  cylinders  11  inches  and  19  inches  in  diameter, 
its  stroke  was  16  inches,  and  revolutions  per  minute  225.  It  was 
run  non-condensing,  with  initial  steam  pressure  of  125  pounds 
above  atmosphere,  and  when  delivering  ISO  horse-power  by  card, 
its  rate  per  horse-power  per  hour  was  20.4  pounds. 

The  exhaust  was  caught  by  a  surface  condenser  and  weighed 
accurately. 

The  tests  were  made  with  the  cooperation  and  assistance  of 
two  government  engineers,  Messrs.  J.  E.  TVoodwell  of  Washing- 
ton and  H.  Adams  of  Baltimore,  the  engine  being  one  of  several 
which  we  have  recently  built  for  the  United  States  Government. 

It  seems  fitting^  that  this  result  should  2:0  on  record  here,  in 
order  to  make  it  clear  that  the  economy  of  operation  of  a  mechani- 
cal plant  of  a  commercial  building  may  be  much  better  than  that 
quoted  by  Mr.  Bryan. 

Mr.  A,  F,  Xagle. — I  desire  to  express  my  gratitude  for  the  com- 
pleteness with   which   Mr.  Bryan  has  presented  the  data  of  his 

paper.     It  is  of  great  value,  and  more  of  a  similar  character  per- 
taining to  other  plants  would  be  very  desirable. 

I  wish,  however,  to  refer  on  page  271  of  the  paper,  where  the 
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author  lias  required  the  engines  to  reguhite  under  a  steam  fluctu- 
ation between  100  and  125  pounds  pressure. 

I  wish  to  ask  the  author  why  he  makes  provision  for  such  fluc- 
tuation of  pressure  ?  We  are  all  aware  that  there  are  steam  boiler 
dami)er  regulators  which  maintain  a  pressure  within  one  or  two 
pounds,  and  in  such  a  complete  plant  as  Mr.  Bryan  has  designed 
for  this  particular  work,  why  does  he  not  avail  himself  of  a 
modern  damper  regulator  to  maintain  uniform  pressure  V  It  is 
my  opinion  that  not  only  has  the  damper  a  value  in  giving  us  all 
the  advantages  of  uniformity  of  pressure,  but  that  it  is  also  condu- 
cive to  economy,  fully  paying  for  the  cost  thereof. 

Anticipating,  perha[)s,  Mr.  Bryan's  answer  to  this,  that  the 
Hawley  Down-Draught  people  do  not  like  to  have  an  automatic 
damper  attached  to  their  furnaces,  I  will  relate  my  experience 
with  the  Hawley  people  on  this  subject.  In  a  plant  which  I  am 
now  installing  with  the  Ilawley  furnaces,  they  advised  me  not  to 
put  in  the  automatic  damper.  The  reason  they  give  is  that  the 
closing  of  the  damper  throws  the  hot  gases  into  the  fire  room. 
Discussing  this  matter  with  them,  they  agreed  that  they  would 
try  and  attach  the  damper  regulator  to  the  furnace  doors ;  but  in  a 
letter  received  from  them  only  a  few  days  ago,  they  advised  me 
that  this  is  impossible,  but  that  if  I  will  make  the  damper  fit  very 
freely  in  the  flue,  or  adjust  it  so  that  it  will  not  close  up  tight,  the 
same  end  will  be  attained  as  if  attached  to  the  front  doors.  While 
I  am  not  quite  satisfied  with  this  explanation,  it  seems  to  be  the 
status  of  the  state  of  the  art  at  the  present  time,  namely,  that  the 
damper  regulator  must  remain  in  the  chimney  flue  instead  of 
being  attached  to  the  front  doors. 

I  wish  to  reserve  for  a  little  later  communication  some  remarks 
I  would  like  to  make  on  the  enclosed  arc  lamp  selected  by  Mr, 
Bryan  for  this  particular  plant. 

Mr.  Jesse  M.  Smith. — While  I  think  the  author  of  this  paper 
has  gone  into  unusual  and  unnecessary  detail  for  a  paper  to  be  pre- 
sented to  a  society  of  this  kind,  still  it  stiikes  me  that  in  other 
particulars  he  has  not  given  full  information.  For  instance,  on 
electric  elevators,  he  simply  refers  to  them  as  "  Xo.  5,  type  X, 
38,"  and  "No.  5,  type  Z;"  that  may  communicate  some  informa- 
tion to  some  people,  but  not  very  definite  information  to  the 
majority  of  people,  I  think. 

3£7\  HeginaJd  Pelham  Bolton. — I  have  some  remarks  to  make 
upon  this  subject,  which  is  one  that  I  have  made  to  some  extent 
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mj  own  in  this  city  ;  and  if  I  might  depart  from  the  paper  first  to 
answer  the  question  of  Mr.  Smith,  who  has  just  spoken,  I  think  I 
could  give  him  some  light  upon  these  types  of  elevator  machines. 
They  are  both  drum  pattern  machines,  worm  gear,  driving  direct, 
and  the  type  Z  machine,  if  I  am  not  mistaken,  is  a  double-drum 
machine ;  that  is,  with  two  sets  of  worm  gear.  In  this  paper 
there  are,  as  Mr.  Smith  has  remarked,  a  number  of  things  that 
seem  to  have  been  omitted,  while  others  have  been  considered 
with  very  great  detail.  The  questions  that  the  author  put  down 
for  primary  consideration  included  some  which  I  should  have 
thought  would  be  disposed  of  without  any  consideration  at  all — 
as  to  whether  power  should  be  distributed  by  belting,  shafting, 
rope-drive,  or  compressed  air,  in  a  building  of  that  character.  The 
consideration  of  the  other  points  follows  in  very  good  order, 
although  in  this  city  the  primary  consideration  is  always  the  heaS 
ing  system.  More  especially  in  the  very  tall  buildings  down  town 
the  heating  is  the  primary  necessity ;  that  is  an  absolute  neces- 
sity to  the  life  of  the  tenants,  and  it  is  usually,  in  the  bigger 
buildings  we  have  here,  the  largest  item.  Once  that  is  considered, 
the  boiler  power  is  fixed,  and  everything  else  should  come  within 
the  limits  of  the  steam  that  is  used  for  heating  purposes,  and  in  a 
building  of  this  particular  size,  it  might  be  a  very  nice  question  as 
to  whether  they  would  not  be  very  nearly  balanced.  But  the 
author  seems  to  have  arrived  at  the  conclusion  that  his  services 
would  exceed  the  amount  of  steam  required  for  heating  the  build- 
ing, and  to  have  proceeded  on  that  assumption.  That  leads 
directly  to  the  question  of  the  amount  of  heating  surface  that  he 
provided  for  this  building.  I  notice  that  his  original  specifications 
called — and  I  consider  very  properly — for  an  amount  of  2t1:.000  to 
25,000  square  feet  of  radiatino-  surface.  That  was  arrived  at  by  a 
series  of  calculations  which  are  made  on  the  ordinary  system,  the 
data  for  which  he  gives  us  here ;  and  by  looking  into  the  plans  of 
the  building  without  its  elevation,  it  would  appear  to  be  not  in 
excess  of  the  requirements.  Even  that,  however,  was  arrived  at 
with  an  assumption  that  the  outside  temperature  of  the  atmos- 
phere did  not  fall  below  10  degrees  below  zero ;  whereas  I 
assume  in  St.  Louis,  as  here,  you  are  very  liable  to  get  zero 
temperature  with  a  very  strong  wind,  which  is  the  most  serious 
condition.  Xow,  I  have  found  in  my  practice  in  this  city 
that  the  wind  is  a  far  more  serious  element  than  the  actual 
temperatui'e    itself,   and    that    an    allowance    has    to    be    made 
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for  it  according  to  the  conditions  of  the  lieight  of  tlio  building. 
That  element  I  do  not  see  taken  into  account  here.  I  might 
say,  in  connection  with  tliat,  as  illustrating  the  difficulties  that 
are  met  with  on  account  of  the  wind,  that  in  one  of  the  tall 
buildings  that  I  have  in  charge,  the  first  story  and  the  second 
story  were  considered  to  be  sufficiently  protected  by  the  sur- 
rounding buildings,  and  the  heating  surface  was  proportioned 
accordingly.  It  happened  that  at  the  back  of  the  building  there 
was  a  Y-shaped  court  (formed  by  this  tall  building,  which  is  208 
feet  high,  and  also  a  building  at  the  far  end  of  it),  opening  to  the 
southeast.  At  certain  points  of  the  wind,  not  only  direct  from  the 
southeast,  but  also  from  the  northwest,  the  wind  would  back  up 
in  the  bottom  of  that  court  and  force  its  way  into  the  windows  of 
the  first  and  second  stories  through  leakages  there,  at  a  most 
undue  rate  of  speed.  Through  an  anemometer  four  miles  an  hour 
speed  was  registered  just  inside  the  window  crack,  and  that  makes 
a  condition  of  service  which  renders  your  heating  surface  a  very 
doubtful  element.  It  was  a  curious  fact  that  heating  surface  was 
taken  temporarily  from  the  fourteenth  story  of  the  building  and 
transferred  down  to  these  first  and  second  stories,  and  the  effect 
on  the  fourteenth  story  was  not  verj^  deleterious. 

The  author  appears  to  have  allowed  the  bidders  on  his  steam- 
heating  plant  the  option  of  takiug  his  heating  surface,  or  of 
changing  it  to  a  less  amount  on  a  sj-stem  of  removing  the  air  by 
the  Paul  system,  provided  they  brought  up  a  guarantee  that  they 
would  heat  the  building.  That  put  a  great  deal  of  power  in  the 
steam-fitter's  hands,  and  the  result  is  that  he  gets  in  his  building 
now  the  advantages  of  the  Paul  system,  which  are  undeniable, 
but  he  only  gets  18,000  square  feet  of  heating  surface.  Now,  that 
reduction  of  the  heating  surface  was  evidently  arrived  at,  accord- 
ing to  my  view,  on  the  steam-fitter's  part,  by  taking  chances 
which  the  author  himself  was  not  prepared  to  take.  For  instance, 
I  think  you  could  find  that  the  reduction  from  25,000  to  18,000 
feet  was  arrived  at  in  this  manner  ;  that  the  exposed  side  of  the 
building,  that  the  author  brought  into  his  computation,  by  the  + 
10  W  in  Carpenter's  formula,  was  neglected  altogether.  There 
are  750  square  feet  allowed  in  connection  with  the  exposed 
side  of  the  building.  Now,  the  exposed  side  of  the  building  was 
not  really  exposed,  because  there  was  another  building  alongside. 
The  author  assumed  that  the  building  was  unoccupied,  and  he 
had  assumed  for  that  wall  as  low  a  temperature  as  32  degrees. 
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The  riser  pipes,  also,  were  taken  into  account,  and  about  500  square 
feet  were  knocked  off  the  radiators  on  account  of  the  riser  pipes. 
Xow,  the  author,  I  think,  took  a  heat-unit  distribution  through  his 
radiating  surface,  of  28 S  units  per  square  foot  per  hour.  I  think 
that  the  probabihtv  is  that  the  steam-fitter  took  300,  which  would 
add  about  six  per  cent,  to  that  value  of  his  heating  surface,  and 
would  knock  off  another  1,200  square  feet.  And,  then,  the  com- 
mon computations  and  assumptions  of  all  heating  men  are  based 
generally  U230n  zero  outside  and  70  degrees  inside,  whereas  the 
specificatiun  issued  by  the  author  permitted  a  more  generous 
assumption.  That  made  considerable  difference,  and  I  should 
expect  an  ordinary  steam-fitters  computation  would  knock  off 
as  much  as  3,000  or  4,000  feet  on  that  account.  Those  items 
account  for  the  reduction  of  heating  surface.  It  is  possible  that 
18,000  square  feet  would  heat  that  buildiog  fairly  well,  but  their 
relation,  standing  as  they  do  at  1  square  foot  to  100  cubic  feet  of 
contents,  is  in  my  judgment  altogether  too  small.  We  would  not 
permit  that  in  this  city.  Of  course  the  computations  and  com- 
parisons based  on  cubic  feet  of  contents  to  square  feet  of  surface 
are  mainly  unreliable,  and  no  definite  results  can  be  expected 
from  them.  Basing  steam-heating  surface  on  the  contents  only, 
you  will  find  such  cases  as  I  found  about  a  year  ago — a  small 
room  on  the  eleventh  story  which  had  four  windows  exposed  to 
the  southwest,  and  the  steam-fitter  had  placed  in  it  the  ordinary 
amount  of  surface  on  basis  of  1  foot  to  70  cubic  feet.  It  was  ut- 
terly insufficient.  A  rough  computation  made  on  the  spot  on  the 
glass  surface,  showed  him  that  his  proportion  should  be  1  to  35, 
and  that  amount  proved  to  be  necessary. 

The  saving  clause  on  the  system  that  has  been  j)ut  in  this  build- 
ing is  the  use  of  this  Paul  device  for  reducing  the  back  pressure 
on  the  machinerv,  and  circulating:  at  a  verv  low  tension.  That  is 
a  very  meritorious  system  indeed,  and  it  seems  to  my  mind  prac- 
tically the  only  successful  way  of  dealing  with  a  condensing  sys- 
tem, such  as  the  heating:  svstem  now  is — that  and  the  Webster 
system,  with  which  I  have  liad  very  great  success.  I  might  say 
it  has  always  appeared  to  me  that  the  problems  connected  with 
the  plant  of  a  commercial  building  are  precisely  on  similar  lines 
to  those  of  a  vessel.  You  may  regard  a  big  building  as  being  a 
ship  at  sea.  It  stands  isolated  from  its  neighbors. '  You  bring 
into  it  coal  and  water  supply,  and  you  have  certain  services 
which  must  be  kept  running  a  certain  number  of  hours  a  day, 
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jind  ilu^y  iivo,  fis  necessary  to  tlie  life  of  the  building  as  the  run- 
iiino-  of  the  engines  arc  on  board  a  ship.  The  condensing  system* 
which  is  tlie  heating  system,  running  as  it  does  for  about  one- 
tliird  part  of  the  year,  is  also  an  absolute  necessity,  and  should  be 
taken  into  account.  But  if  the  condensing  system  for  a  third  of 
the  year  imposes  on  the  rest  of  the  machinery  a  condition  of  back 
pressure  which  puts  much  of  it  at  a  disadvantage,  then  a  building 
on  these  lines  cannot  be  regarded  as  an  economical  or  well- 
arranged  building.  The  common  practice,  even  in  our  big  build- 
ings down  town,  has  been  to  ])ut  in  ordinary  gravity  systems,  or  a 
single-pipe  system,  and  the  pressures  with  these  to-day  down  town 
range  as  high  as  ten  to  fifteen  pounds,  and  that  is  exerted  as  a 
back  pressure  on  compound  pumps  and  compound  engines  in  some 
cases,  and  the  curious  result  follows  that  the  steam  consumption 
becomes  cumulative.  The  pumps,  as  the  day's  work  increases, 
use  more  and  more  steam,  until  finally  the  condition  is  reached  at 
which  they  exhaust  steam  to  the  atmosphere,  wasting  steam  all 
the  time,  while  they  should  normally  be  onl}^  supplying  enough  to 
heat  the  building — throwing  away  steam  all  the  time  that  it  is  re- 
quired in  the  building.  In  other  cases  they  have  had  to  cut  the 
pumps  adrift  and  let  them  exhaust  direct  to  the  atmosphere  and 
not  into  the  heating  system  at  all,  in  order  to  do  away  with  the 
back  pressure.  Therefore,  the  adoption  by  the  author  of  a  system 
of  reducing  the  back  pressure  was  a  very  meritorious  feature  of 
the  building. 

I  would  like  to  remark  on  the  preference  that  is  given  to  the 
water-tube  boilers.  I  think  that  the  author  did  not  give  sufficient 
]n'ominence  here  to  the  feature  that  where  you  have  to  place 
boilers  right  under  a  building,  with  so  many  human  lives  over 
them,  the  risk  of  destruction  of  the  building  by  explosion  is  a 
primarj^  consideration,  and  considering  the  relative  cost  of  boilers 
to  the  other  plant,  the  extra  cost  involved  in  water-tube  boilers  is 
a  flea-bite  compared  to  the  security  that  they  afford.  While  the 
water-tube  boiler  is  liable  to  accident,  as  well  as  any  other,  the 
idea  that  the  accident  to  which  it  is  liable  is  only  of  a  nature  that 
kills  the  engineer  that  operates  it,  and  not  the  tenants  in  the 
building,  is  one  that  sometimes  appeals  to  all  of  us. 

I  might  make  a  remark  on  rather  a  curious  feature  that  the  au- 
thor brings  forward  here  as  to  the  tenants  paying  for  a  portion  of 
the  plant.  That  seems  a  very  novel  proposition  to  us  in  this 
city.     Here  the  owner  cannot  put  in  enough  machinery  to  oblige 
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his  tenants.  Sometimes  when  his  tenants  get  in  he  has  to  add  to 
his  machinery  to  oblige  them. 

In  specifying  the  requirements  of  the  boilers,  we  come  to  a  point 
that  I  have  had  some  considerable  success  in  ;  that  is,  in  drawing 
the  specifications  so  that  the  boilers  shall  all  be  presented  on  a 
reasonably  even  basis.  It  does  not  do  to  lnj  down  heating  sur- 
face, for  then  you  get  all  the  controversy  brought  up  as  to  the 
relative  value  of  heating  surface.  It  has  appeared  to  me  to  be 
better  to  draw  a  specification  in  which  I  first  lay  down  chimney 
conditions ;  secondly,  the  coal  that  I  was  prepared  to  sup})ly  for 
the  work ;  and  thirdly,  the  amount  of  coal  that  I  desired  to  burn 
on  the  grate  per  square  foot  of  surface,  and  then  call  for  the  re- 
quired amount  of  evaporation,  just  as  the  author  does  here,  from 
a  certain  temperature,  which  in  our  practice  here  is  208  degrees, 
to  steam  of  a  certain  pressure.  The  result  has  been,  in  my  prac- 
tice, that  bids  for  the  boilers  have  come  in  on  a  remarkably  even 
scale.  In  a  recent  case  where  I  drew  specifications  for  500  horse- 
power, the  bids  all  ranged  within  a  very  small  percentage  of  each 
other,  and  the  boilers  got  a  fair  representation,  each  manufac- 
turer, of  course,  basing  the  value  of  his  boiler  on  what  he  esti- 
mated he  could  do  under  those  given  circumstances.  But  it  does 
appear  to  me  that  without  the  chimney  conditions  the  boiler  bid- 
ders are  at  a  considerable  disadvantage. 

Passing  on  to  the  next  feature  that  is  considered,  the  elevator 
system,  the  author  rightly  says  it  is  the  most  complicated  problem 
he  ever  encountered  in  this  matter,  and  I  think  that  it  is  very  apt 
to  be  complicated,  on  account  of  the  extreme  division  there  is 
between  the  different  interested  parties  on  the  subject.  I  happen 
to  have  waded  through  the  thick  of  this  question,  and  to  have 
ascertained  a  good  many  facts  upon  it  which  I  hope  at  a  later 
period  to  present  to  the  Society,  but  this  paper  brings  up  some  of 
them  which  I  might  present  at  this  moment  as  bearing  on  this 
particular  installation.  The  elevators  which  were  installed  in  this 
building  were  those  with  a  very  heavy  load  and  a  very  moderate 
speed,  and  they  were  of  this  screw  type,  with  drums.  They  do 
not  altogether  compare  with  our  elevators  for  passenger  service 
in  this  city,  where  we  are  runniug  on  a  regular  schedule,  and 
running-at  a  higher  rate  of  speed,  but  still  the  same  general  con- 
siderations apply.  I  notice  that  the  author,  in  specifying  his 
hydraulic  elevators,  called  apparently  for  a  type  of  hydraulic  ele- 
vator which  would  appear  to  us  here  to  be  disadvantageous ;  that 
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is  to  say,  he  said  that  the  watoi'  pressure  for  the  hydrauhc  was  not 
to  exceed  750  pounds  at  the  ])unips,  evidently  a  liigh-pressure 
system  which  has  been  ado|)ted  in  one  ease  in  St.  Louis,  and  only 
in  one  case,  with  moderate  success,  in  tliis  city,  the  American 
Tract  Society's  buildijit^,  and  he  specifies  an  accumulator  instead 
of  a  pressure  tank  which,  of  course,  would  be  necessary  with  that 
very  high  pressure.  That  made  the  iDvitation  for  a  hydraulic 
system  somewhat  abnormal,  and  I  should  imagine  considerably 
to  the  disadvantage  of  the  hydraidics.  The  results  that  the 
author  presents  in  the  table  on  page  291  are  subject  to  some 
criticism.  Table  A  appears  to  relate  to  a  high-pressure  hydraulic 
plant  of  special  type,  which  is  also  referred  to  in  an  earlier  stage 
of  the  pa})er,  and  which  I  take  to  be  the  Cupples  plant  in  St. 
Louis,  if  I  mistake  not.  I  do  not  wish  to  do  any  injustice  to  the 
Cupples  plant,  but  it  is  a  plant  consisting  of  forty  elevators  in  a 
very  extensive  series  of  warehouses,  carrying  very  heavy  loads  at 
very  slow  speeds,  with  direct-acting  rams,  and  at  a  pressure  of 
745  to  750  pounds  per  square  inch.  The  gear  of  these  elevators 
is  only  2  to  1,  and  conse(|uently  the  internal  friction  of  the  ma- 
chine is  ver}^  low  ;  indeed,  also  the  operation  of  forty  elevators 
produces  a  fairly  even  load  upon  the  generating  plant,  and  can 
in  no  sense  be  compared  with  any  other  hydraulic  or  electric 
plant  in  such  a  building  as  is  under  discussion.  I  had  the  figures 
of  the  Cupples  plant,  and  made  an  analysis  of  it,  which  is  of  too  ex- 
tensive a  character  to  enter  into  to-day,  but  those  are  the  prime 
features  of  it.  The  average  lifting  speed  is  only  150  feet  a 
minute,  I  believe. 

The  second  plant,  "  B,"  appears  to  be  an  ordinary  direct-act- 
ing compound  pumping  system,  and  the  author  gives  as  the  result 
of  the  plant — I  do  not  know  with  what  degree  of  closeness  it  has 
been  ascertained — -the  figures  in  column  "  B."  I  have  some  fig- 
ures, also,  bearing  on  that — comparative  figures — of  which  I  wUl 
speak  in  a  moment.  And  then  in  "  C  "  he  gives  us  a  column  of 
the  results  ascertained  from  the  use  of  the  electric  elevators  in 
this  building,  noting  at  the  same  time  that  the  fuel  and  water  re- 
sults are  computed  from  the  guaranteed  efficiencies  of  the  boilers 
and  engines,  the  elevator  data  being  based  on  actual  test.  That 
is  very  good  as  far  as  it  goes,  but  a  good  deal  of  this  column  of 
information  is  attributable  to  the  very  questions  that  are  com- 
puted only  from  guaranteed  efficiencies,  and  therefore  are  not 
definite.     I  notice  at  an  earlier  stage  of  the  paper  he  mentions 
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that  the  engines  did  not  reach  their  guaranteed  efficiency.  Now, 
that  brings  this  question  up  :  In  taking  the  guaranteed  efficiency 
in  a  steam  engine,  whicli  is  driving  an  elevator  load  of  fluctuating 
character,  you  will  generally  find  a  considerable  amount  of  dis- 
appointment. I  have  on  actual  test  made  a  running  trial  of  a 
simple  engine  driving  five  electric  elevators  on  a  schedule,  on  a 
very  light  average  load  in  the  cars.  That  engine  was  installed 
under  a  guarantee  of  33  pounds  of  steam  per  indicated  horse- 
powder  per  hour.  It  was  an  engine  that  was  working  under  the 
Webster  system,  in  whicli  there  was  no  back  pressure  in  the 
house  heating.  It  appeared  as  the  result  of  the  test  that  the 
average  steam  consumption  of  that  engine  was  5r>  pounds  per  in- 
dicated horse-power  per  hour.  That  was  entirely  due  to  the 
fluctuating  character  of  the  load,  wliich  load  varied  all  the  way 
from  zero  to  25  per  cent,  over  the  maximum  power  of  the  generator, 
at  intervals  of  one  and  two  seconds,  so  that  the  steam  consump- 
tion cannot  be  assumed  and  the  coal  consumption  cannot  be  as- 
sumed from  any  guaranteed  efficiency  on  an  engine  working  such 
a  load  as  that.  It  would  be  equally  unreliable  to  take  the 
guaranteed  etficiency,  or  guaranteed  work  of  a  hydraulic  pump, 
say  a  compound  pump,  for  wliich  the  makers  will  guarantee  60 
pounds  per  pump  horse-power  per  hour,  for  if  you  go  to  test 
that  on  an.  elevator  system  you  will  find  that  the  pump  is 
creeping  at  times,  and  overrunning  at  times,  and  your  steam 
consumption  will  creep  right  up  on  you,  and  you  will  be  very 
much  disappointed  in  your  guarantee.  It  is  simply  a  ques- 
tion of  steady  and  irregular  loads,  and  working  conditions  also. 
Now,  the  pounds  of  coal  given  here  I  take  it  are  related  to  the 
car  mile  and  are  extraordinarily  low  under  this  computation 
— 17.73.  As  an  actual  result  of  the  tests  that  I  liave,  I  got  all 
the  way  from  40  down  to  30  pounds  of  coal  per  mile  run  with  the 
elevators,  and  that  result,  compared  with  the  tests  that  have  been 
made  on  a  compound  pumping  plant,  puts  the  electric  elevator 
plant  on  parallel  lines  with  the  compound  hydraulic  plant.  It 
might  perhaps  be  of  interest  if  I  gave  the  result  of  a  comparison 
that  I  have  made  in  this  city,  based  on  a  service  of  eleven  miles 
an  hour.  This,  of  course,  is  passenger  elevator  work — not  carrv- 
ing  freight  at  all.  It  is  at  a  speed  of  about  415  feet  a  minute. 
The  compound  pump,  using  70  pounds  of  steam  per  pump  horse- 
power per  hour,  gives  a  cost  per  mile  of  9.44  cents,  and  I  have 
found  that  an  electric  elevator,  when  fairly  loaded  with  800  pounds 
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avera<jje  load,  coidgs  out  about  that  samo  figure.  I  might  inci- 
dentally mciiition  that  as  far  as  hjdrauli(;s  are  concerned,  tlie  very 
successful  system  of  pumping  by  double  pressures  at  the  Bowling 
Green  buildin<^-  lias  shown  itself  to  be  tlie  most  economical  way 
of  handling  the  elevator  problem.  That  system  lias  to  ])ump 
with  a  triple  expansion  pump  all  the  water  required  for  the  eleva- 
tor service  under  H  sufficient  pressure  to  raise  the  average  load  in 
the  car.  In  that  case  120  pounds  is  the  pressure,  and  tl.e  aver- 
age load  elevated  by  that  120  pounds  is.SOO  pounds  in  any  car,  and 
at  that  load  it  will  run  at  its  full  speed.  Now,  if  the  average  load 
is  exceeded,  the  operator  throws  the  lever  over  into  the  further 
notch  and  he  takes  in  high-pressure  water.  That  high-pressure 
water  is  provided  by  a  compound  pump  drawing  its  suction  from 
the  120-pound  tank  and  pumping  into  a  210-pound  tank,  and  the 
210-pound  water  is  piped  over  on  the  same  valve,  the  valve  being 
provided  with  a  little  additional  movement  by  which,  when  the 
lever  goes  over  to  the  forward  notch,  it  passes  over  a  second  port 
and  admits  high-pressure  water.  I  made  a  test  of  that  method 
of  pumping,  Avhich  has  not  been  previously  made  known,  and 
which  gave  some  really  very  remarkable  I'esults,  under  circum- 
stances that  would  compare  in  a  very  even  fashion  with  this  par- 
ticular plant  under  discussion.  I  had  ordinary  high-pressure 
duplex  pumps,  supplied  with  85  pounds  of  steam,  and  delivering 
over  into  a  condenser  supplied  with  a  liberal  amount  of  city  water, 
producing  complete  condensation,  and  the  condensation  was 
weighed  into  tanks,  so  that  the  test  was  of  a  very  precise  nature. 
The  elevator  was  loaded  with  cast-iron  weights,  weighed  in  and 
out,  in  order  to  compare  the  results.  The  conditions  were  such 
as  I  have  named ;  that  is  to  say,  the  two  pressures  were  what  I 
have  already  mentioned,  and  the  average  load  was  780  pounds. 
We  started  out  with  an  average  load  in  the  car,  taking  all  the 
water  from  the  lower  pressure.  We  got  a  consumption  of  192 
pounds  net  of  steam  to  the  mile.  That  is  obtained  by  an  ordi- 
nary elevator  plant  with  a  non-compound  pump.  By  successive 
increments  of  load,  which  required  the  use  of  high-pressure  water, 
that  was  brought  up  to  the  final  point  of  387  pounds  net  to  the 
mile,  by  the  gradual  increase  of  the  use  of  the  second,  or  high 
pressure,  pump,  and  the  remarkable  fact  was  that  the  high-pres- 
sure water  seemed  to  proportion  itself  to  the  amount  of  load  in 
the  car,  by  a  sort  of  injector  action,  the  water  going  in  and  unit- 
ing with  a  portion  of  low-pressure  water,  so  that  the  water  used 
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from  the  higli-pressure   taok  is   directly  proportional  to  the  in- 
crease of  load,  from  the  average  load  upwards. 

I  apologize  for  trenching  so  much  on  the  time  of  the  Society, 
but  the  subject  is  a  very  interesting  one. 

I  would  like  to  add  further  that  in  the  selection  of  the  engines 
and  generators  for  this  work,  while  I  have  not  any  criticism  to 
make  on  the  subject  of  putting  in  a  large  machine,  it  was  not 
necessary,  outside  of  the  use  of  electric  elevators,  to  put  in  ma- 
chines of  this  size.  The  lighting  load  of  this  building  could  have 
been  carried  with  two  generators  of  a  smaller  size  than  the  two 
finally  selected.  Therefore,  tlie  cost  of  the  elevator  plant  should 
be  charged  not  only  with  the  third  unit,  but  with  the  increase  of 
the  two  first  ones.  That  is  a  matter  that  is  constantly  coming  up 
in  my  practice,  and  I  think  that  the  best  way  with  these  things  is 
to  treat  them  entirely  fairly.  The  electric  elevator  is  a  good 
thing,  but  like  many  other  good  things  they  come  high  and  you 
have  to  pay  for  them.  I  have  no  objection  to  paying  for  them  if 
the  advantages  are  relative  to  the  cost. 

The  author  speaks  of  the  question  of  the  cost  of  repairs.  It 
is  an  unfortunate  thing  that  the  cost  of  repairs  of  electric  ele- 
vators is  high.  The  nature  of  the  apparatus  is  such  that  the  wear 
and  tear  upon  them  are  severe,  and  I  found  that  that  is  a  very 
serious  item  to  be  added  to  the  cost  of  running  the  elevator 
plant.  The  selection,  by  the  author,  of  a  compound  engine  I 
cannot  altogether  follow.  Even  with  the  absence  of  back  pres- 
sure, the  variability  of  the  load  on  a  compound  machine,  in  my 
judgment,  has  too  great  an  efi'ect  on  the  operation  of  the  engine 
to  justify  the  extra  cost  of  a  compound,  and  we  get  more  reliable 
results  out  of  a  single  engine,  especially  wdien  you  work  the  build- 
ing, as  we  often  do,  short-handed. 

I  might  add  to  tlie  corrections  of  the  author,  that  on  page  294 
the  figures  are  probably  inverted  there  by  error — cost  per  cubic 
foot  of  gross  space  and  cost  per  cubic  foot  of  heating  space  are 
inverted.     I  think  the  error  would  be  worth  clearing  up  there. 

M7\  George  Hill. — The  pa])er,  it  seems  to  me,  is  similar  to  the 
one  that  was  criticized  yesterday  in  that  it  is  like  a  meal  prepared 
without  salt.  There  is  a  good  deal  of  information  in  it,  but  the 
operating  economies  are  not  stated.  To  remedy  that  defect  1 
telegraphed  Mr.  Bryan  yesterda}',  and  have  a  telegram  from  him 
in  answer,  wdiich  I  will  refer  to  in  the  proper  place. 

The  clause  on  page  243,  in  which  the  author  separates  engineer- 
20 
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ing  work  into  plumbing",  sanitary  and  structural  arrangements, 
and  the  mechanical  system  and  electric  plant,  seems  to  me  to 
give  an  undesirable  subdivision.  Some  six  years  ago  I  published 
the  opinion  that  all  of  the  engineering  work  of  the  building  ought 
to  be  the  design  of  one  engineer,  in  order  to  produce  a  har- 
monious result,  and  all  the  experience  that  I  have  since  gained 
only  serves  to  emphasize  that  view. 

On  page  245,  in  mentioning  the  various  possible  combinations  of 
heating  and  ventilating  systems,  the  author  says:  "If  hot  air  or 
indirect,  shall  it  be  by  the  natural  or  hot  blast  system?  "  I  have 
had  some  experience  with  a  combination  office  and  lodge-room 
building  of  about  the  same  cube  as  this  building,  and  while  the 
heating  was  entirely  successful  from  the  heating  point  of  view, 
yet  from  the  tenants'  point  of  view  the  indirect  system  of  heating 
is  not  a  success,  nor  should  I  judge  it  to  be  desirable  from  the 
owner's  point  of  view,  in  that  the  amount  of  space  required  to 
accommodate  the  ducts  is  very  large. 

Further  down  the  page  the  author  says :  "  It  is  impossible, 
therefore,  to  draught  general  rules."  That  seems  to  me  a  little  at 
variance  with  the  facts;  we  must  be  governed  by  general  rules, 
varying  from  them  as  special  conditions  dictate. 

On  page  246  the  author  says :  "  In  the  designing  of  this  plant  a 
prime  consideration,  and  one  which  always  presents  itself,  was  the 
necessity  of  getting  a  high  grade  installation  for  as  little  first  cost 
as  possible."  It  would  seem  that  as  all  buildings  are  judged 
finally  from  the  owner's  or  economical  point  of  view,  to  produce 
revenue,  the  best  plant  is  obtained  when  the  operating  cost, 
charging  into  that  the  interest  and  depreciation  on  the  plant,  is 
at  a  minimum. 

On  page  250  the  author  mentions  the  fact  that  of  course  there 
are  some  features  that  could  not  be  definitely  decided  upon  in 
advance.  That  is  entirely  at  variance  with  my  practice.  We 
decide  in  advance  what  is  needed  and  then  obtain  from  contract- 
ors their  tender  to  do  this  work,  and  it  indicates  a  lack  of  experi- 
ence where  an  engineer  demands  of  the  contractors  four  or  five 
different  sets  of  bids  in  order  to  enable  him  to  make  up  his  mind 
as  to  what  is  the  best  plant  to  put  in  the  building.  This  is  further 
evidenced  on  page  262  and  on  page  283,  where  there  are  require- 
ments stated  for  the  elevators  as  indicated  by  the  tenants,  and 
then  practically  cut  in  two  when  they  found  out  what  those  re- 
quirements meant  in   dollars  and  cents,  showing  that  either  the 
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tenants  did  not  know  "what  they  were  talking  about,  which  is 
probably  the  case,  or  else  the  engineer  was  willinij^  to  let  them 
ask  for  absurd  requirements  so  as  to  get  the  credit  of  reducing 
later  on. 

Referring  to  page  250  and  part  of  page  254,  the  notice  to  bidders, 
general  clauses  relating  to  the  specifications,  etc.,  I  find  nothing 
therein  mentioned  as  being  difi'erent  or  new  or  in  addition  to  what 
has  been  mj  practice  for  ten  years  past,  and  what  has  been  good 
practice  in  specifying  for  similar  works,  I  think  for  probably 
fifteen  years  past,  and  it  would  seem  that  these  parts  might  very 
well  haye  been  omitted. 

The  computations  in  regard  to  the  boiler  horse-power,  etc., 
pages  255  and  250,  are  very  interesting  mathematically,  but  a  more 
certain  method  of  ascertaining  the  requirements,  etc.,  of  the  plant 
would  have  been  to  have  compared  it  with  a  somewhat  similar 
plant  designed  by  the  author,  making  the  necessary  allowances 
for  special  conditions. 

The  lay-out  of  the  boiler  room,  shown  on  page  258,  Fig. 105, seems 
to  be  open  to  criticism  on  the  score  of  excessive  length  of  steam 
pipe.  My  practice  for  such  a  lay-out  as  this  would  have  been  to 
have  run  the  main  steam  pipe  through  just  to  the  right  of  the 
branch  to  the  middle  engine,  and  put  in,  instead  of  an  eight-inch 
pipe,  a  nine-inch  pipe,  so  as  to  have  a  section  of  pipe  acting  as 
a  receiver.  This  would  have  eliminated  bends,  decreased  friction 
and  decreased  cost. 

On  the  following  page.  Section  G,  the  arrangement  of  piping 
and  feed-water  heaters  on  the  exhaust  main  is  different  from  my 
practice,  introducing  a  considerable  number  of  unnecessary  bends 
and  an  excessive  length  of  piping.  My  practice  is  to  run  the  ex- 
haust as  direct  as  possible  and  then  put  the  feed-water  heaters  on 
a  closed  branch  from  the  exhaust  pipe,  so  that  the  closing  of  a 
single  valve  shuts  the  heater  off,  and  I  find  no  difficulty  in  getting 
feed  water  from  such  heaters  at  a  temperature  of  200  degrees  or 
slightly  above. 

On  page  265  the  author  states  the  water  per  horse-power  of  the 
steam  elevators  as  about  67  pounds  ;  100  pounds  is  nearer  the 
truth. 

On  page  267  the  author  speaks  of  the  departure  from  established 
practice  in  adopting  220  volts  pressure  instead  of  110.  This  has 
been  my  practice  in  all  the  installations  made  during  the  last  three 
years,  and  I  think  I  have  been  anticipated  by  other  engineers  who 
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recognize  the  advantages  from  saving  in  copper  and  using  the 
higher  voltage  motors. 

The  specifications  on  page  2G8  relating  to  the  generators  are 
mentioned  as  being  rather  rigid.  It  may  be  that  they  are  for  the 
type  of  generator  that  was  purchased,  but  for  the  type  of  gen- 
erators that  I  have  been  in  the  habit  of  using,  that  is  tlie  Eddy  or 
the  Western  Electric  generators,  tlie  requirements  are  very  easy 
indeed.  The  subdivision  into  three  units  of  uniform  size  is 
undesirable.  It  would  have  been  better  to  have  put  in  two  100 
kilowatts  and  one  50  kilowatts  machines,  one  of  the  100  kilo- 
watts machines  being  driven  by  a  single  engine.  In  tliis  way  the 
expense  would  have  been  decreased,  the  ethciency  of  tlie  plant 
increased,  and  the  author  would  have  furnished  us  with  ])ositive 
information  as  to  the  real  advantage  of  using  compound  engines. 

The  copper  brushes  mentioned  as  being  used  may  give  satis- 
factory service.  I  have  tried  both  copper  and  carbon  brushes,  and 
I  find  that  the  carbon  brushes  are  much  more  satisfactory  in  use ; 
in  one  particular  instance  we  had  a  50  kilowatts  generator  out  of 
which  we  needed  to  get  the  full  capacity.  We  could  only  get  35 
kilowatts  with  copper  brushes,  owing  to  the  small ness  of  the 
commutator,  small  actual  contact  and  sparking.  Afterwards  we 
put  on  carbon  brushes  and  had  no  difficulty  at  all  in  getting  the 
full  50  kilowatts  without  sparking. 

In  regard  to  the  switch  board  mentioned  on  page  269,  the  re- 
quirements are  altogether  too  lax.  The  statement  that  the 
conductors  were  to  be  proportioned  so  that  the  temperature  w^ould 
never  rise  more  than  fortv-five  degrees  Fahr.  above  the  surround- 
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ing  air,  and  the  lack  of  a  requirement  in  regard  to  the  character 
of  the  switches,  the  current  density  at  points  of  contact  where 
joints  are  to  be  made,  and  the  lack  of  mention  of  the  exclusion  of 
anything  but  copper  in  the  circuit,  are  all  important  features  in 
any  installation,  and  should  not  have  been  omitted.  My  own 
practice  is  to  design  my  own  switchboards,  on  which  I  use  switches 
of  my  own  design,  in  w^hicli  the  number  of  joints  is  cut  dowp  to  one- 
quarter  of  that  in  the  ordinary  practice.  I^othing  but  copper  is 
in  the  electric  circuit,  and  the  current  density  at  points  of  contact 
where  joints  are  made,  is  reduced  to  40  amperes  per  square  inch 
as  a  maximum,  and  in  the  switches  of  250  amperes  carrying 
capacity, 'the  current  density  is  down  to  25  amperes  per  square 
inch.  On  these  switch  boards  the  rise  in  temperature  above  the 
temperature  of  the  surrounding  air  is  so  small  that  it  requires  a 
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person  of  very  sensitive  touch  to  be  able  to  tell  which  of  the 
conductors  that  are  of  bare  copper  bars  have  current  on  them  and 
which  have  not.  There  is  just  an  appreciable  difference  in  tem- 
perature between  the  two,  and  no  more.  The  losses  which  occur 
due  to  bad  contacts  and  the  heating  of  bus  bars  are  quite  con- 
siderable, and  in  a  carefully  designed  plant  they  should  be  carefully 
looked  after. 

On  page  270  the  author  mentions  that  "  the  fuel-saving  would 
have  been  small,  as  the  exhaust  is  used  for  heating  during  the 
five  months  of  cold  weather,  when  the  load  on  the  engines  is  also 
a  maximum."  In  New  York  City,  in  the  plants  that  I  have 
charge  of  or  have  designed,  we  calculate  on  a  steam  service  of  at 
least  six  and  a  half  months,  and  it  would  appear  that  he  meant 
seven  months  instead  of  five,  for  the  St.  Louis  temperature  is 
lower  than  that  of  New  York,  and  consequently  the  months  of 
steam  service  should  be  greater. 

I  imagine  that  very  few  engine  builders  will  accept  the  clause 
on  page  271,  in  which  it  is  stated  that  the  crank  pin  is  to  be  of  the 
same  dimensions  as  the  shaft.  All  of  the  engines  I  have  been 
purchasing  for  the  past  few  years  have  had  the  crank  pin  of  a 
larger  diameter  than  the  shaft.  It  is  a  small  detail,  but  rather  an 
important  one  in  securing  satisfactory  service  from  the  engine. 

In  Section  E,  pages  271  and  272,  almost  the  entire  page  could 
have  been  omitted  by  tlie  substitution  of  a  clause  that  the  under- 
writers' requirements  were  to  be  complied  with,  since  almost  all 
the  points  mentioned  here  are  covered  very  carefully  in  the  under- 
writers' rules. 

On  page  274  the  author  mentions  the  method  of  ascertaining  the 
heat  losses.  I  find  that  I  cannot  compute  in  that  way.  I,  to  be 
sure,  use  the  units  given  by  Mr.  Wolfi",  which  are  the  units  adopted 
by  the  German  Government ;  but  I  find  it  necessary  to  make  sep- 
arate computations  for  each  floor,  owdng  to  the  differing  thick- 
nesses of  the  wall,  the  heat  radiation  into  the  ground  in  the 
basement  and  into  the  air  on  the  roof.  So  instead  of  a  short 
formula,  which  can  be  applied  to  the  entire  building,  I  find  that 
my  computation  books,  which  are  about  9  inches  by  12  inches, 
have  seven  or  eight  pages  filled  with  the  results  of  computations 
for  a  single  building  of  this  size. 

The  question,  I  think,  could  be  advantageously  raised  as  to  the 
economy  of  using  a  steam  house  pump  as  mentioned  on  page  280. 
For  some  years  past  I  have  abandoned  it  entirely,  and,  so  far  as  I 
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coukl  see,  with  a  considerable  resulting  economy,  In  an  installa- 
tion of  this  kind,  where  there  is  during  a  certain  portion  6f  the 
day  but  a  small  lighting  load,  and  consequently  the  entire  load  is 
on  the  elevator,  the  additional  load  on  the  generators  due  to  the 
house  pump  would  serve  to  steady  the  voltage. 

With  the  exception  of  tlie  price  mentioned  for  the  steam-heat- 
ing work,  I  find  that  the  prices  that  the  author  quotes  are  not 
exceptionally  low  ;  but  that  on  a  considerably  smaller  installation 
that  I  am  now  making,  that  is  where  I  am  using  30  kilowatts 
units  instead  of  75,  the  prices  are  as  low  or  lower  than  those  he 
quotes.  In  the  steam-heating  system,  however,  it  is  probable  that 
the  Paul  Company  struck  off  a  considerable  margin  of  cost  in 
order  to  get  the  contract,  for  advertising  purposes.  The  elevator 
prices  are  not  at  all  low.  I  think  that  Mi'.  Bryan  could  probably 
have  saved  ten  or  fifteen  per  cent.,  judging  from  prices  that  I  have 
had  recently  quoted  here  in  New  York  for  elevators  of  equal 
grade,  but  higher  speed  and  higher  duty,  and  from  the  fact  that 
the  machines  installed  exceeded  the  contract  requirements  by  a 
large  percentage. 

The  figures,  as  given  on  pages  293,  294,  and  295,  are  especially  in- 
teresting as  showing  the  difference  between  promise  and  perform- 
ance. We  find  the  test  duty  very  high,  the  kilowatts  hours  per  car 
mile,  the  coal  per  kilowatts  hour,  the  coal  per  indicated  horse- 
power, and  so  on — all  very  low.  But  when  we  compare  from  the 
owner's  point  of  view  the  number  of  pounds  of  coal  burned  in  the 
building  with  the  number  of  pounds  of  coal  burned  in  similar 
buildings,  we  find  that  the  apparent  economy  has  disappeared. 

On  page  293  the  author  says:  "In  spite  of  this,  however,  the 
improved  apparatus  in  the  new  plant  has  kept  the  coal  consump- 
tion down  to  only  about  25  per  cent,  more  than  in  the  old  build- 
ing, although  the  work  done  has  more  than  doubled."  In  1894  the 
American  Book  Compan}^  employed  me  to  advise  with  them  in 
regard  to  the  installation  of  their  new  plant  to  go  in  their  new 
building — the  New  York  University  building  on  Washington 
Square.  They  were  manufacturing  in  three  separate  factories, 
from  each  of  which  I  obtained  records  of  coal  consumption,  water 
consumption,  number  of  men  employed,  etc.  To  manufacture 
14,000  books  per  day,  there  was  a  fuel  cost  of  $45.  In  the 
new  plant  we  are  turning  out  about  20,000  books  a  day,  with  a 
fuel  cost  of  about  §8.50,  and  in  addition  we  are  handling  all  of 
the  stock  through  nine   stories,  storing  and  shipping  that  stock ; 


MEOIIANK^AI.    I'LANT   OF   A    MODERN    COMMERCIAL    BUILDING.      311 

serving  the  New  York  office  on  the  first  floor,  tlio  general  offices 
of  the  company  on  the  second  floor;  running  a  high-speed  liydrau- 
lic  elevator  service  to  three  other  floors  of  the  New  York  Univer- 
sity, and  lighting  and  heating  the  entire  building,  in  a  most 
exposed  situation. 

To  determine  the  question  of  economy,  I  sent  to  Mr.  Bryan  a 
telegram  asking  what  the  coal  consumption  per  hour  was ;  he  an- 
swered :  '*  In  July,  750  pounds  common  coal  per  hour;  November, 
1,000;''  subsequently  he  wrote  that  he  considered  750  pounds  as 
the  equivalent  of  600  pounds  of  our  anthracite  buckwheat.  The 
following  table,  with  the  explanation,  will  show  the  result  in  com- 
parison with  some  of  my  plants  in  the  East : 


Duty. 


Name.  Cubic.  Lights.         Motors.  Elevators. 


Coal  Per. 
Workiug  Hr. 


Commerce  Realty 2,315,600      2469      1-i  II.  P.      2-1500  x  300     [750]  lbs. 

211500x225       600     " 

4-1800  X 150 
American  Book  Co. . .  .2,180,000      1830      280  H.  P.       2-3000  x  400 

3-2500x250        503     " 

Temple 2,170,000      3000        45  II.  P.       2-3000x400        359     " 

DeCourcy  B'ldg 483,000        300        64  H.  P.       3-2500  x  250 

1-2000x200       172     " 

The  Commerce  Realty  is  tlie  building  described  in  the  paper.  The  coal  con- 
sumption in  brackets  is  as  stated  to  me  in  a  telegram  from  Mr,  Bryan.  The 
figure  600  is  Bryan's  estimate  of  the  equivalent  coal  consumption  in  anthracite 
buckwheat. 

The  American  Book  Company  :  general  offices,  storerooms,  printing  and 
book-binding  establishment;  output  20,000  books  per  day  ;  the  two  high-speed 
elevators  are  hydraulic,  others  electric  ;  there  are  two  sidewalk  lifts  in  addition  ; 
hydraulic  elevators  installed  because  of  owner's  requirement.  This  was  the 
pioneer  electric  transmission  plant  in  a  book  manufacturing  establishment.  The 
duty  of  the  elevators  is  very  severe,  since  the  hydraulic  machines  make  the  first 
landing  at  the  eighth  story,  and  are  in  constant  demand,  and  the  electric  machines 
are  used  for  passenger  and  freight  service  constantly.  1  should  think  that  the 
duty  in  useful  work  done  was  fully  double  that  demanded  by  the  Commerce 
Realty.  In  addition  to  the  power  development,  live  steam  is  furnished  to  the 
paste-making  kettles,  through  a  pipe  over  100  feet  long,  the  amount  required  being 
unknown.  There  are  four  dozen  glue  kettles  kept  at  a  temperature  of  about  180 
degrees,  by  means  of  electric  stoves. 

The  Temple  Building,  occupied  in  part  by  offices  and  in  part  by  lodge  rooms 
for  Odd  Fellows'  meetings.  Elevators  hydraulic,  running  a  large  number  of  car 
miles  and  always  heavily  loaded.  The  building  is  not  well  lit  naturally,  and 
there  are  in  consequence  never  less  than  200  lights  burning. 

The  DeCourcy  Building  is  a  manufacturing  building,  and  in  addition  to  the 
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])o\ver  consuiuptioii  indicutcd  l)y  tli<;  pluiit,  live  stcuui  is  furnished  through  an 
iii.h  and  a  half  i)ii)0  for  paste  making,  .steaming  caps,  boiling  water,  etc.,  that  is 
in  constant  use.  IMio  weekly  record  of  ])ounds  of  coal  ])er  hour  and  kilowatts 
hours  of  work  done  shows  but  a  very  slight  relation.  Tlu;  output  of  the  engines 
varies  from  25  per  cent,  to  125  per  cent,  of  the  rat(>d  capacity,  the  average  fluc- 
tuations IxMiig  about  'i5])er  cent.,  and  occurring  abnost  continuously.  Piactically 
a  little  live  steam  is  recpiircd  for  heating  in  severe  weather.  The  hours  of  service 
are  very  long,  running  337  to  423  hours  per  month.  The  coal  consumption  for 
the  i)ast  year  has  been  405  tons. 

All  of  the  above  hydraulic  elevators  are  operated  by  compound  duplex 
pumps.  The  engines  are  all  simple  high  speed,  operated  at  pressures  from  80  to 
100  pounds.  The  coal  burned  is  anthracite  buckwheat.  It  is  to  be  borne  in 
mind  thar  the  fluctuations  in  load  are  instantaneous,  so  that  while  the  engines 
rarely  make  three  successive  revolutions  at  the  same  cut-off,  the  demand  for  steam 
from  the  boilers  is  practically  uniform,  and  it  is  possible  to  operate  them,  firing  at 
a  practically  uniform  rate.  The  elevator  capacity  is  exi)ressed  in  pounds  and  feet 
per  minute,  1,500  x  oOO  being  read  1 ,500  pounds,  at  the  rate  of  300  feet  per  minute. 
The  plant  under  discussion  has  not  been  yet  tested  for  heating,  and  so  no  com- 
parison including  heating  is  yet  practicable. 

In  the  case  of  the  American  Book  Compam^  before  ground  was 
broken  for  the  building,  in  fact  before  the  phans  were  completed, 
I  presented  to  the  company  six  alternative  lay-outs,  with  estimates 
of  cost  of  installation  and  operation,  prepared  entirely  by  myself, 
one  of  which  was  adopted  aod  executed.  The  correctness  of  my 
estimates  has  been  practically  proved  by  the  working  results  of 
nearl}^  three  years. 

The  table  presents  very  forcibly  to  my  mind  the  question  as  to 
the  real  economy  of  any  of  the  so-called  economical  engines  for 
use  under  the  conditions  of  a  building  with  a  fluctuating  load,  due 
either  to  elevators  or  to  any  other  condition  of  service,  excluding 
the  sky-scraping  office  building  and  the  mill  building.  For  the 
purposes  of  a  commercial  building  or  a  manufacturing  building  or 
any  building  where  there  is  a  constantly  fluctuating  load,  such  as 
there  is  of  necessity  where  separate  machines  are  employed,  it 
seems  to  me  that  the  experience  had  is  conclusive  against  the 
high-duty  engine.  Others  more  familiar,  perhaps,  with  the  design 
of  engines,  can  offer  a  more  correct  explanation  of  it  than  I,  but 
it  seems  to  me  due  to  the  fact  that  there  must  be  excessive  cylin- 
der condensation. 

Mr.  C.  R.  Pratt. — Mr.  Chairman,  I  would  like  to  introduce 
my  friend,  Mr.  George  H.  Hill,  the  Chief  Engineer  of  the  Elevator 
Department  of  the  Sprague  Electric  Company,  but  not  a  member 
of .  this  Society,  w^ho  installed  these  elevators  at  the  Commerce 
Kealty  building,  as  Mr.  Hill  has  at  hand  complete  data  of  the 
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histoiT  and  performance  of  this  plant,  and  may  be  able  to  correct 
some  erroneous  impressions  created  by  the  last  speaker. 

J//'.  George  11.  Hill. — ^Ir.  Bryan's  paper  has  been  so  very  satis- 
factory, as  far  as  electric  elevators  are  concerned,  which  is  the 
topic  of  interest  to  me,  that  perhaps  any  further  remarks  of  mine 
are  not  necessary.  But  I  would  like  to  call  attention  to  a  few  points 
which  might  be  of  interest.  The  plant  which  has  been  discussed 
is  entirely  a  commercial  one,  selected  for  commercial  purposes,  and 
not  intended  to  show  any  abnornally  high  efficiency  or  remarkable 
performance  of  the  elevators.  In  fact  it  includes  a  number  of  con- 
ditions which  are  rather  adverse  to  a  high  showing  of  the  eleva- 
tors. For  instance,  the  cars  are  very  large,  being  8  feet  x  8  feet, 
or  a  square-foot  area  of  64.  The  speeds  are  low,  as  had  been  men- 
tioned. The  rails  are  of  wood,  which  introduces  more  friction  than 
steel  rails,  and  the  cars  are  corner  post,  and  in  all  but  tlii-ee  of 
the  machines  there  are  an  extra  number  of  idlers.  The  machines 
could  not  be  placed  directly  at  the  edge  of  the  hoist  way,  and 
the  machine  of  Avhich  the  test  is  given  had  a  double  set  of 
idlers,  thus  increasing  the  friction  losses.  At  the  same  time, 
with  all  these  disadvantages,  the  efficiency  of  the  machine, 
as  a  hoisting  machine,  is  extremely  high.  This  can  be  seen  from 
Fig.  110,  which  gives  the  current  consumption  of  the  freight 
machine  which  was  tested.  This  machine,  as  will  be  seen,  carried 
a  load  of  5,000  pounds,  and  although  not  stated,  the  over  counter- 
balance on  this  car  was  2,000  pounds.  This  gives  a  net  load 
carried  on  the  ropes  of  3,000  pounds,  at  a  speed  of  153  feet  a 
minute,  which  represents  14  horse-power  of  actual  work  done. 
The  power  absorbed  is  seventy  amperes  at  220  volts,  or  a  horse- 
power of  twenty,  giving  a  total  efficiency  over  the  whole  machine 
of  70  per  cent.,  which  I  think  everybody  will  recognize  as  an  ex- 
tremely high  figure  for  an  elevator  machine.  This  includes  the 
efficiency  of  the  motor,  the  efficiency  of  the  worm  gear  and 
of  the  friction  losses,  which  in  this  case,  as  mentioned  before,  are 
rather  high,  on  account  of  the  double  idlers,  corner  wooden  rails, 
and  large  cars. 

There  is  another  point  which  might  be  mentioned,  and  which 
has  been  brought  into  prominence  in  the  table  given  on  the  board, 
nameh^,  that  the  duty  of  those  elevators  appears  small  com- 
pared to  the  other  plants.  Those  requirements  were  the  altered 
specifications  of  the  engineer,  and  while  they  may  have  affected 
some  of  the  proposals,  they  did  not  the  particular  ones  which 


814       MKt'llANK'AL    IM>AX'r    OK    A    .MODKliX    ("( ).M  M  KliCI  A  L    BriLDIXG. 

were  acce])te(l,  ;iml  iho  iniichiiiGS  instcillcd,  as  tlic  tests  show,  are 
verv  much  in  excess  of  tli(;  duties  "iven.  For  instance,  the  first 
twt)  machines  art;  lun  at  300  feet  ])er  minute,  and  carried  an 
actual  load  of  2,500  pounds  under  test.  The  otlier  two  machines 
cai'ried,  instead  of  1,500  pounds  at  225  feet  per  minute,  3,000 
])ounds  at  250  f(;et  per  minut(^  and  the  same  machine  4,000 
pounds  at  150.  The  other,  rated  here  at  1,800  pounds  at  150 
feet,  carried  5.000  pounds  at  150  feet.  This  will  bring  the  duty 
of  the  elevators  more  than  100  per  cent,  above  what  is  shown 
there.  The  author  also  attributes  the  high  performance  to  his 
reduction  of  requirements  in  the  specifications,  which  you  will  note 
were  not  reduced,  but  are  really  above  this  origmal  specification 
by  a  considerable  amount,  and  100  per  cent,  above  his  later  re- 
quirements. This  destroys  this  item  in  that  clause,  and  places 
more  emphasis  upon  the  efficiency  of  the  machine. 

There  is  another  point  to  which  attention  has  been  called  be- 
fore, but  which  I  would  like  to  emphasize,  nameh^,  that  the  rat- 
ing which  is  customar}'  in  elevator  service,  and  which  is  adopted 
by  Mr.  Bryan,  of  kilowatts  per  car  mile,  is  not  at  all  a  fair  one. 
In  order  to  compare  elevator  machines  on  a  rating  of  kilowatts 
per  car  mile,  it  is  necessary  to  take  into  consideration  the  speed 
and  the  load  and  other  conditions.  It  is  easily  possible  for  an 
elevator  machine,  delivering  precisely  the  same  amount  of  power 
and  absorbing  the  same  amount  of  power,  to  vary  as  much  as  100 
or  200  per  cent,  in  the  kilowatts  per  car  mile.  This  is  a  question 
entirely  of  speed  and  load.  If  we  have  a  machine  which  will 
carry  5,000  pounds  at  150  feet  per  minute,  it  will  absorb  a  certain 
amount  of  power,  and  if  we  double  the  diameter  of  the  drum,  we 
can  carry,  with  the  same  amount  of  power  identically,  a  load  of 
2,500  pounds  at  300  feet  a  minute.  These  are  both  operative 
conditions.  In  the  second  place  we  will  have  the  same  amount 
of  kilowatts  consumed  and  delivered,  but  we  have  double  the 
amount  of  mileage  travelled,  so  that  the  kilowatts  per  car  mile 
would  be  just  one-half  of  the  other. 

This  plant  presents  some  rather  interesting  possibilities  of  the 
flexibility  as  well  as  the  economy  of  the  electric  elevator.  There 
are  two  machines,  No.  3  and  No.  4,  which  are  through-service 
freight  machines,  carrying  loads  down  only  from  the  top  floor  to 
the  bottom.  By  careful  counterbalancing,  and  in  combination 
with  an  efiicieut  gear,  which  is  a  very  important  item  in  elevator 
construction  of    this  type^  the  actual  current  consumed  under 


MECHANICAL    PLANT   OF   A    MODERN    COMMERCIAL    ]}UIL1)ING.       315 

regular  service  by  No.  3  machine  was,  up,  five  amperes.  Coming 
down,  with  the  average  load  under  service,  it  generated  into  the 
line  a  current  of  fifteen  amperes,  which  makes  a  net  gain  in  the 
use  of  the  elevator  of  ten  amperes.  lu  other  words,  it  not  only 
costs  nothing  to  operate  these  two  elevators,  but  they  are  actually 
delivering  to  the  line  a  current  of  ten  amperes  each,  or  two  kilo- 
watts of  energy,  which  is  used  in  other  portions  of  the  plant. 
They  are  converting  into  useful  and  used  energy  the  potential 
energy  of  the  freight  which  is  stored  on  the  top  floor,  and  is  rep- 
resented in  the  current  consumption  of  the  other  elevators  of  the 
plant.  A  single  test,  of  course,  of  these  machines  \yould  repre- 
sent more  than  100  per  cent,  efficiency. 

Mr.  Jesse  M,  Smith. — How  did  the  freight  get  to  the  top 
floor? 

3lr.  Hill. — By  the  other  elevators.  We  have  here  a  test  of  the 
other  elevators,  in  which  is  given  the  current  consumption  and 
the  efficiency  for  a  single  machine,  but  that  does  not  represent 
the  eflBciency  of  the  plant,  because  a  portion  of  the  energy  is 
given  back  by  the  other  elevator  to  the  plant,  to  the  power 
system. 

Mention  lias  been  made  of  the  size  of  generators  as  having 
been  decided  or  afi'ected  by  the  elevator  plant.  The  figures  given 
show  that  they  should  have  had  very  little  to  do  with  it,  and  I 
think  that  this  can  be  accounted  for  more  in  the  author's  state- 
ment that  he  was  providing  for  a  very  much  less  efficient  elevator 
plant  than  he  received,  and  for  an  increase  in  his  power  require- 
ments ;  as  it  is  shown,  the  average  horse-power  consumed  by  the 
elevator  plant  is  less  than  20,  and  as  the  tests  show  it  is  possible 
for  each  individual  machine  to  start  in  five  seconds  with  50  per 
cent,  over  its  running  current ;  that  is,  each  individual  machine, 
based  on  the  performance  of  the  total  power  required,  would  be 
less  than  30  horse-power,  or  22.4  kilowatts,  which  is  provided  for 
by  the  75-kilowatt  machine ;  and  taken  altogether,  taking  the 
plant  as  a  whole,  the  excess  current  would  be  very  much  less  than 
50  per  cent,  even — probably  40.  As  a  matter  of  fact  they  are  not 
starting  at  five  seconds'  start,  as  that  is  found  to  be  too  slow,  but 
they  are  started  in  from  two  and  a  half  to  three  seconds,  thus  in- 
creasing the  excess  current ;  but  it  is  even  then  not  more  than  80 
per  cent,  on  each  individual  machine,  and  probably  in  the  neigh- 
borhood of  50  for  the  total  plant.  So  that  the  total  starting  and 
maximum  current  requirements  bring  the  power  required  to  about 
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22.4  kilowatts  instead  of  75.     The  determination  of  the  genera- 
tion therefore  did  not  depend  on  the  elevator  plant. 

The  cost  of  repairs  on  electric  elevators  is  a  problem  which  is 
usually  considered  a  great  drawback.  The  records  which  we 
have  — I  speak  particularly  of  the  high  class  electric  elevator 
work — are,  of  course,  from  plants  installed  some  time  ago,  and  as 
it  is  understood  that  the  electric  elevator  is  not  yet  very  old,  it  is 
natural  that  portions  of  the  apparatus  have  not  been  as  well  de- 
signed to  stand  the  wear  and  tear  on  these  plants  upon  which  the 
data  are  now  coming  in,  as  they  are  now.  1  do  not  think  this  is  at 
all  a  large  item,  nor  will  be  a  larger  item  than  any  of  the  other 
services.  I  do  not  acknowledge  that  it  has  been  excessive.  But 
at  the  same  time  it  has  been  much  larger  than  it  will  be  when 
the  various  small  parts  of  the  elevator  mechanism,  which  are 
liable  to  give  way  under  hard  service,  are  properly  designed  to 
meet  their  duty.  It  is  purely  a  matter  of  new  machine,  being 
perfected  by  experience. 

Another  consideration  in  this  plant,  and  one  which  must  always 
be  given  prominence,  is  the  flexibility  of  the  system — the  possi- 
bilities of  it.  It  is  possible,  with  an  electric  elevator,  to  have 
more  convenience  in  arrangement  than  in  a  hydraulic  or  any 
other  type.  For  instance,  with  this  plant  we  have  two  elevators, 
controlled  by  push-button  systems,  which  contain  a  single  push- 
button at  each  floor,  and  have  all  the  automatics  of  what  we  call 
our  "  automatic  system,''  which  is  used  for  house  service.  The 
others  are  operated  by  the  double  automatic  system,  which  con- 
tains the  two  push-buttons  on  each  floor,  and  by  which  the 
elevator  can  be  sent  to,  or  brought  from,  any  other  floor.  The 
dumb  waiter  in  the  building  is  operated  by  a  box  on  each  of  the 
floors,  by  which  it  can  be  sent  to  any  other  floor  ;  sent  where 
desired,  stopped  where  desired,  and  can  be  "  locked  out "  at  a 
floor.  In  addition,  each  machine  contains  all  the  other  safeties 
of  the  normal  electric  elevator. 

Mr.  George  Hill. — I  would  like  just  a  moment  to  comment  on  a 
few  of  the  remarks  made  by  the  previous  speaker. 

1.  The  question  arises,  if  the  elevators  are  so  exceptionally 
economical,  and  if  the  engines  are  so  exceptionally  economical, 
whence  comes  the  enormous  coal  consumption? 

2.  If  the  Sprague  Company  gave  Mr.  Bryan  so  much  more 
than  he  offered  to  buy,  w^ould  not  the  cost  have  been  lower  if 
they  had  furnished  the  capacity  asked  for? 
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3.  Must  not  of  necessity  the  elevating  apparatus  be  inefficient, 
since,  if  a  machine  will  lift  5,000  pounds,  at  150  feet  per  minute, 
and  its  average  duty  is  1,800  pounds,  that  machine  is  certainly 
not  working  as  economicall}^  as  one  that  is  designed  to  lift  1,800 
pounds,  at  150  feet  per  minute?  If  it  is  counterbalanced  for  1,800 
pounds,  and  is  loaded  for  5,000  pounds,  it  will  not  work  efficiently. 
If  it  is  designed  for  5,000  pounds,  and  is  counterbalanced  for 
1,800  pounds,  it  will  not  work  efficiently.  So  that  the  elevator 
plant  in  operation,  from  the  owner's  point  of  view,  is  not  a  good 
one,  not  because  it  is  electric,  but  because  it  is  an  electric  eleva- 
tor plant  that  is  installed  improperly  for  the  duty  that  it  is 
designed  to  perform.  The  difficulty  with  this  particular  form  of 
elevator  lies  in  the  enormous  starting  current,  which  will  not 
show  in  test  running,  but  in  continued  starting  and  stopping  ;  that 
is,  in  commercial  operation.  I  have  tested,  I  think,  every  make 
of  electric  elevator  on  the  market,  and  have  been  watching  their 
operation  for  the  last  eight  years.  I  considered,  in  1894,  that  the 
question  of  using  an  electric  elevator  in  a  manufacturing  building 
was  not  open  to  discussion,  and  nearly  three  years  of  operation 
at  the  American  Book  Company  proves  it,  for  there  the  electric 
elevators  were  installed  under  the  most  strenuous  opposition,  and 
the  result  is,  that  on  our  Bristol  recording  gauge  card  for  power, 
recording  the  kilowatt  hours,  it  is  practically  impossible  to  sep- 
arate the  current  required  for  the  elevators  from  the  current 
required  for  the  operation  of  the  motors  throughout  the  building. 
On  the  ammeter  you  can  see  where  an  elevator  is  thrown  on,  gen- 
erally— not  alw^ays,  but  generally — because  there  we  have  a  110- 
volt  plant,  and,  consequently,  the  amperes  for  these  high  capacity 
machines  are  large,  but  the  actual  cost  of  operating  these  eleva- 
tors is  practically  negligible,  compared  with  the  cost  of  operating 
manufacturing  machinery  and  the  lights.  The  elevator  load  just 
fills  in  the  gaps. 

In  regard  to  maintenance,  there  is  only  one  make  that  I  know 
of  that  has  to  apologize  for  a  large  repair  account. 

M7\  Bolton. — Might  I  add  one  word  on  the  subject  of  the  chim- 
ney, page  260?  It  has  rather  an  unusual  feature,  I  think.  Inside 
a  square  brick  shaft  a  riveted  steel  chimney  was  built,  and  then 
lined  its  whole  length  with  firebrick.  It  seems  to  me  that  is 
wholly  unusual  and  unnecessary.  If  it  had  been  lined  a  short 
distance  it  would  have  been  equally  efficacious,  and  much  easier 
to  repair,  too. 
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Mr.  Kent. — Mr.  Bryan  not  being  hero,  I  hope  lie  will  answer,  in 
his  written  reply  to  the  discussion,  that  question  as  to  why  there  is 
such  a  largo  coal  consumption.  A  possible  explanation  of  it  is  that 
he  is  using  St.  Louis  coal.  That  is  a  very  different  thing  from  the 
anthracite  and  the  semi-bituminous  coal  used  in  the  East.  It  is 
an  especially  poor  coal  for  varial)lo  loads.  If  you  })ut  a  lot  of 
that  coal  in  a  furnace,  nearly  half  of  it  will  volatize,  whether  any 
air  is  supplied  to  it  or  not,  or  whether  you  want  any  work  from 
the  boiler  or  not.  AVlieu  anthracite  coal  is  used,  you  can  shut 
the  draught  off  and  save  the  coal,  but  the  highly  volatile  Western 
coals,  when  the  draught  is  shut  off,  continue  to  distil  gaseous  fuel, 
which  escapes  up  the  chimney  unburned. 

Mr.  George  11.  Hill. — Another  advantage  of  electric  elevators 
is  the  fact  that  they  are  efficient  at  light  loads  just  the  same 
as  at  heavy  loads,  so  that  the  point  that  the  large  machine  is  not 
efficient  at  high  loads,  does  not  affect  this. 

Mr.  Wm.  Wallace  Christie. — One  feature  of  a  water-tube  boiler, 
for  use  in  a  modern  commercial  building  or  any  other,  where  it 
is  located  inside  of  and  underneath  the  floors  filled  at  times  with 
a  crowd  of  people,  is  that  the  results  from  possible  explosion  are, 
as  a  rule,  not  nearly  as  disastrous  as  in  the  old  horizontal,  tubular, 
or  some  other  types. 

Mr.  Bryan.'^ — The  author  is  gratified  that  this  paper  seems  to 
have  been  of  such  timely  interest,  and  that  it  brought  out  so  much 
valuable  discussion.  He  does  not  claim  that  the  plant  described 
is  the  best  in  all  respects,  but  in  his  opinion  it  is  the  best  that 
could  be  secured  for  the  local  conditions,  considering  all  the 
circumstances. 

It  will  be  unnecessary  to  answer  those  who  thought  the  paper 
too  elaborate  in  some  details,  nor  those,  on  the  other  hand,  who 
thought  it  incomplete.  Neither  need  much  time  be  given  to  those 
who  have  not  studied  the  paper  carefully — as,  for  instance,  Mr. 
Bolton,  who  finds  imaginary  errors  in  the  table  on  page  294,  and 
Mr.  George  Hill,  who  overlooks  the  fact  that  the  water  rate  per 
horse-power  hour  for  steam  elevators  is  stated  at  100  pounds  on 
page  255,  as  well  as  Messrs.  Bolton  and  Christie,  who  think  that 
due  weight  was  not  given  to  the  increased  safety  of  the  water- 
tube  boiler. 

It  is  interesting  to  note  Mr.  Mansfield's  remarkable  result  of 

*  Author's  closure,  under  the  Rules. 
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20.4  pounds  of  water  per  iutlicated  horse-power  hour  for  a  180 
horse-power  compound  iion-coudoiising  engine.  This  is  a  higher 
result,  however,  than  can  ordinarily  be  secured,  even  under  fa- 
vorable conditions,  and  is  better  than  engine  builders  will  guar- 
antee. The  engines  described  in  the  paper  would  have  done 
better  had  they  been  experimented  upon  further  to  secure  the 
best  conditions  of  adjustment  and  service,  but  would  not  have 
reached  Mr.  Mansfield's  figure. 

Answering  Mr.  Nagle — the  provision  that  the  engine  should 
regulate  with  steam  pressures  fluctuating  between  100  and  125 
pounds,  was  intended  simply  to  insure  good  engine  performance 
under  extreme  conditions.  As  a  matter  of  fact,  there  is  no  diffi- 
culty in  maintaining  the  steam  pressure  within  five  pounds.  An 
unfortunate  experience  with  damper  regulators  some  years  ago 
gave  me  a  rather  unfavorable  opinion  of  them,  which  no  doubt 
the  later  and  better  makes  would  remove.  Yery  few  are  in  use 
in  this  part  of  the  country,  as  their  value  does  not  seem  to  have 
been  fully  demonstrated.  The  objection  to  their  use  on  down- 
di'aught  furnaces,  due  to  smoking  when  closed  tightly,  is  well  stated 
by  Mr.  Nagle,  as  is  also  the  remedy,  viz. :  making  the  dampers  fit 
loosely,  so  that  even  when  closed,  suflicient  gas  may  escape  to 
prevent  smoking,  closing  the  fire  doors  only  on  rare  occasions, 
when  it  may  be  desired  to  stop  the  flow  of  gases  absolutely.  I 
have  found  no  difficulty,  however,  in  carrying  uniform  steam 
pressure  by  proper  adjustment  of  the  fire  doors  alone. 

I  cannot  agree  with  Mr.  Bolton  that  the  heating  system  is  of 
primary  importance  in  New^  York,  or  in  any  other  city.  It  is  of 
equal  importance  with  the  elevator  and  lighting  systems,  but  no 
more.  An  unsatisfactory  lighting  or  elevator  plant  w^ould.  be 
quite  as  fatal  to  the  commercial  success  of  a  building  as  an  in- 
sufficient heating  system.  The  best  results  can  only  be  secured 
by  giving  each  of  these  features  due  study. 

Neither  can  I  agree  with  Mr.  Bolton  that  in  buildings  of  the 
type  under  consideration  more  steam  will  be  required  for  heating 
than  for  lighting  and  elevator  service,  and  that  the  boiler  capacity 
is  therefore  determined  by  the  requirements  for  heating.  That 
this  is  not  the  case  is  amply  shown  in  the  paper.  The  boiler  re- 
quirements for  the  most  economical  plant  for  elevators  and  light- 
ing are  shown  to  be  303  horse-power  (page  256),  and  for  heating 
under  the  severest  conditions,  249  horse-power  (page  270).  These 
computations   have   been    amply    borne    out    by   this    winter's 
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experience.  It  is  farther  borne  out  by  records  in  my  possession 
a  hirgo  number  of  similar  buiUlinf^s  in  St.  Louis,  and  should  be 
still  truer  in  New  York,  where  the  amount  of  heating  is  less — and 
particularly  in  buildings  whose  lighting  and  elevator  plants  are 
less  economical  than  those  referred  to  in  the  paper.  In  a  differ- 
ent type  of  building,  of  course,  with  limited  elevator  service  and 
less  need  of  artificial  lighting,  or  one  whose  exposure  Avas  par- 
ticularly severe,  the  situation  would  be  changed. 

I  know  nothing  of  the  computations  by  which  the  Paul  people 
arrived  at  the  amount  of  heating  surface,  but  I  do  know  that 
their  guarantee  covered  the  same  external  and  indoor  tempera- 
tures, exposures,  and  air  changes  as  my  original  design.  The 
system  as  installed  has  handled  the  building  satisfactorily  this 
winter,  so  much  so  that  the  owners  have  not  thought  it  neces- 
sary to  go  to  the  expense  of  an  exhaustive  test.  The  ratio  of 
heating  surface  to  cubic  feet  of  space — 1  to  128 — is  hirge,  but  it 
seems  to  have  been  substantiated  in  practice.  The  represent- 
atives of  the  Webster  system  guaranteed  to  do  the  work  with  even 
less  surface.  There  is  no  doubt  in  my  mind  that  either  system 
will  quicken  and  increase  the  circulation.  The  building  under 
discussion  is  well  located  as  to  exposure,  and  to  judge  the  radiat- 
ing surface  by  mere  ratio  to  cubic  feet,  without  taking  modifying 
circumstances  into  due  consideration,  is  quite  as  likely  to  be  mis- 
leading in  over  as  in  underestimating.  I  am  quite  sure  that  the 
ratio  of  1  to  128  would  be  permitted  even  in  New  York  City,  if 
careful  and  intelligent  computations  showed  that  amount  to  be 
sufficient. 

In  view  of  the  fact  that  the  Paul  and  Webster  people  very 
properly  refuse  to  divulge  the  details  of  their  plans  and  formulse, 
it  is  not  clear  how  any  consulting  engineer  can  design  or  assume 
responsibility  for  their  work.  It  is  certainly  proper  where  a  special 
device  or  system  is  employed,  under  guarantee,  that  the  contractor 
for  that  system  should  be  left  free  as  to  details.  This  is  quite  a 
different  proposition  from  that  of  designing  an  ordinary  heating 
plant,  where  my  invariable  practice  is  to  work  up  every  detail 
and  assume  all  responsibility.  I  know  of  no  better  plan  for  secur- 
ing bids  on  work  of  this  kind  than  that  which  was  pursued  in  this 
case,  and  which  has  been  my  practice  for  some  time.  I  first  design 
a  system  which  will  do  the  desired  work  with  the  minimum  back 
pressure.  Bidders  are  asked  to  submit  proposals  on  this  system, 
and  also  on  the  Paul  and  Webster  systems,  with  permission  to 
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reduce  the  radiating  surface  and  make  such  other  changes  as  they 
think  safe  for  doing  the  same  work.  By  permitting  them  to  do 
this,  they  are  able  to  utihze  tlie  benefits  of  their  system,  and  at 
the  same  time  reduce  tlie  cost.  A  large  part  of  Mr.  Bolton's 
argument  falls  to  the  ground  when  it  is  remembered  that  the 
proper  external  temperature  was  minus  10  degrees.  It  is  unwise 
to  invest  money  in  a  plant  large  enough  to  do  the  work  at  any 
lower  temperature.  On  those  occasions,  which  are  rare  and  of 
short  duration,  we  could  either  carry  a  slightly  increased  pressure 
or  permit  a  lower  indoor  temperature. 

Mr.  Bolton  is  particularly  fortunate  in  his  clients,  who  seem 
willing  to  put  in  an  unlimited  investment  in  machinery.  We  are 
not  so  well  situated  in  the  wild  and  untutored  West. 

Neither  have  we  been  able  to  secure  uniform  proposals  on  water- 
tube  boilers.  In  every  letting  we  have  found  wide  extremes  of 
prices,  in  spite  of  the  fact  that  the  specifications  were  very  definite. 
We  always  state  the  draught,  character  of  coal,  and  dimensions 
and  location  of  chimney,  but  do  not  limit  either  the  grate  or 
heating  surface  or  rate  of  burning,  but  leave  these  to  the  boiler 
builder  who  is  responsible  for  results. 

It  is  to  be  hoped  that  Mr.  Bolton  will  give  the  Society  the  bene- 
fit of  his  elevator  researches  at  an  early  date.  The  competition 
on  hydraulic  elevators  in  the  building  under  discussion  was  lim- 
ited to  the  high-pressure  type,  on  account  of  their  great  efficiency, 
due  principally  to  fewer  sheaves  and  less  quantity  of  water  to  be 
handled.  The  high-pressure  system  is  in  very  satisfactory  use  in 
a  number  of  buildings  in  this  city,  besides  the  Cupples.  The  low- 
pressure  hydraulic  system  has  some  advantages,  but  is  quite  waste- 
ful in  the  use  of  fuel.  The  use  of  an  accumulator  of  proper  dimen- 
sions makes  the  work  fairly  uniform.  All  the  results  in  table  on 
page  291  were  carefully  secured  by  test,  and  are  to  be  relied  upon 
within  the  limits  stated. 

Mr.  Bolton  misunderstands  the  statements  as  to  guaranteed  and 
computed  efficiencies.  The  actual  water  rate  per  indicated  horse- 
power hour  was  26.79  instead  of  25,  as  guaranteed,  and  the  boiler 
evaporation  was  slightly  under  the  7.64  guaranteed.  Both  the 
guaranteed  figures  are  well  within  the  limits  of  good  practice, 
however,  and  no  doubt  could  have  been  secured  in  the  present 
plant  with  proper  adjustment.  Furthermore,  the  elevator  plant 
was  in  no  way  responsible  for  the  fact  that  the  boiler  and  engine 
performance  happened  to  fall  short.  A  slight  increase  should  have 
21 
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been  allowed  for  tlio  coiideiisation  in  the  ])ii)iMg  system  between 
boilers  Jind  eii<j;ines,  hnt  lliis  was  vei-y  small.  A  liberal  allowance, 
however,  for  all  those  f(;atures  would  still  leave  plant  C  the  most 
efficient.  The  three  tests  are  strictly  comparable,  as  they  were 
made  independently  and  under  special  test  conditions.  Careful 
records,  coveiing  the  month  of  December,  1898,  show  the  actual 
consumption  in  i)lant  C  of  inferior  coal  per  horse-power  hour  to 
have  been  very  close  to  3^  pounds.  On  this  basis  the  pounds  coal 
consunuMl  ])er  car  mile  are  actually  18.45  instead  of  17.33,  a  dif- 
ference of  about  6  per  cent.,  a  remarkably  close  agreement  with 
the  computed  results.  It  is  of  course  true  that  if  the  engines  had 
been  driving  the  elevators  alone,  their  actual  economy  would  have 
been  less,  but  in  the  present  instance  they  have  a  large  and  almost 
constant  load  of  electric  lights,  as  is  shown  in  the  accompanying 
chart.  Fig.  112.  The  fluctuations  are  therefore  a  smaller  percent- 
age of  the  total,  and  the  load  is  fairly  uniform  in  spite  of  the  ex- 
treme fluctuations  due  to  the  elevators.  An  important  advantage 
of  the  electric  system  is  that  by  combining  it  with  the  lighting, 
the  fluctuations  which  are  so  detrimental  to  economy  can  be 
largely  reduced. 

The  hydraulic  system  of  the  Bowling  Green  building  no  doubt 
remedies  the  losses  due  to  carrying  the  excessive  pressures 
which  are  only  required  for  occasional  heavy  loads,  but  as  a 
double  system  of  pumping  is  necessary,  it  would  seem  that  the 
reduced  pump  efiiciency  would  go  far  towards  offsetting  that 
gain. 

Our  reasons  for  selecting  75  kilowatts  units  instead  of  smaller 
ones — which  Mr.  Bolton  does  not  approve — are  stated  on  page  26(3, 
and  have  been  abundantly  substantiated  in  the  working  of  the 
plant.  While  the  lighting  load  could  have  been  carried  with  two 
smaller  generators,  no  provision  would  have  been  made  for  growth, 
and  an  accident  to  one  unit  would  have  seriously  crippled  the 
plant.  The  size  of  units  was  selected  independently  of  the  ele- 
vator problem,  a  third  unit  of  the  same  size  being  added  on 
account  of  the  elevators.  This  unit,  as  has  been  shown,  is  really 
larger  than  is  needed,  and  is  certainly  all  that  should  be  included 
in  the  cost  of  the  elevator  plant. 

Our  experience  with  electric  elevators  does  not  coincide  with 
Mr.  Bolton's.  "We  have  not  found  them  luxuries,  which  "  come 
high  and  must  be  paid  for."  We  have  found  them  quite  able  to 
take  care  of  themselves  on  a  strictly  business  basis.     This  must 
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not  be  construed  to  mean  that  we  always  i^refer  the  electric  eleva- 
tor. There  are  other  conditions  of  service  where  the  hydraulic,  or 
even  the  steam  elevator,  may  be  preferable.  It  is  true  that  the 
electric  elevator  has  its  reputation  still  to  make  as  to  reliability 
and  low  cost  of  repairs,  but  the  latest  and  best  types  are  meeticg 
all  reasonable  expectatious  in  these  respects,  and  it  may  be 
[issumed  that  further  improvements  will  be  made  as  experience 
shows  them  necessary. 

If  Mr.  Bolton  will  examine  the  amount  and  hours  of  electrical 
load  in  the  buildiDg  under  discussion  (Fig.  Ill)  he  will,  perhaps, 
agree  that  the  selection  of  compound  engines  was  not  unwise.  I 
am  surprised  that  he  should  assume  that  the  simple  engine  will 
give  better  results  with  variable  loads,  as  the  fact  that  the  relative 
economy  between  simple  and  compound  engines  is  approximately 
the  same  with  fluctuating  as  with  steady  loads,  has  now  been  well 
established.  I  have  not  found  that  compound  engines  are  less 
reliable,  nor  that  they  increase  the  labor. 

We  will  all  agree  with  Mr.  George  Hill's  statement  that  all  the 
engineering  work  of  a  building  ought  to  be  done  by  one  engineer. 
But  is  such  a  thing  possible  ?  If  Mr.  Hill — who  is  not  only  an 
engineer,  but  an  architect — is  also  an  expert  in  plumbing,  sanitary 
and  structural  work,  and  the  mechanical  and  electrical  systems, 
which  cover  the  boilers,  furnaces,  engines,  heating,  ventilating, 
lighting,  elevator  and  hydraulic  plants,  and  is  able  to  keep  abreast 
with  the  best  practice  in  all  these  widely  different  lines,  he  may 
well  be  termed  one  of  the  most  remarkable  men  of  the  century. 
My  own  observation  and  experience  lead  to  the  belief  that  when 
a  single  person  attempts  to  cover  so  broad  a  field,  the  covering  is 
likely  to  be  a  little  "  thin,  in  spots."  The  consensus  of  opinion  of 
the  present  day  is  unquestionably  that  the  best  results  are  attain- 
able only  by  specialists  in  these  several  lines. 

It  is  proper  to  say  that  I  am  indebted  to  my  business  associate, 
Mr.  H.  H.  Humphrey,  member  American  Institute  of  Electrical 
Engineers,  for  assistance  and  data  reganHng  the  electric  plant  of 
the  building  under  discussion,  this  part  of  the  work  having  been 
entirely  in  his  hands.  It  seems  to  me  that  the  only  method  by 
which  the  various  engineering  features  of  a  single  building  can  be 
made  entirely  harmonious  is  to  have  them  handled  by  a  firm 
whose  members  are  specialists  in  the  different  lines,  or  who  have 
specialists  in  their  employ. 

Mr.  Hill  is  also  fortunate  in  that  he  is  able  to  make  up  his  mind 
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ill  advauco  as  to  just  what  he  wants  in  any  particular  buildiug, 
and  thus  avoid  the  necessity  of  asking  for  alternative  bids.  In 
our  experience,  improvements  are  being  made  so  rapidly  in  certain 
branches — such  as  the  elevator  and  electrical  installations — that 
the  progressive  engineer  must  thoroughly  investigate  new  methods, 
however  much  he  may  be  inclined  to  be  conservative.  Our  ex- 
perience shows,  also,  that  competition  is  secured  by  getting  bids 
on  a  number  of  different  types,  as  well  as  different  bids  on  the 
same  type.  It  is  not  clear  how  Mr.  Hill  would  get  close  or  com- 
})etitive  figures  by  drawing  his  specifications  so  as  to  fit  only  one 
system.  Furthermore,  the  cost  itself  is  always  an  important 
element  in  making  a  selection,  and  this  cannot  always  be  deter- 
mined in  advance,  even  approximately.  While  the  client's  best 
interests  could  be  served  by  confining  the  bidding  to  a  single 
specification  on  some  parts  of  the  work,  it  would  be  unwise  to  do 
so  on  others. 

As  to  excessive  elevator  requirements,  these  were  stipulated  by 
the  tenants,  and  were  objected  to  by  the  engineers  at  the  time, 
but  without  success. 

Mr.  Hill  seems,  also,  to  have  been  particularly  fortunate  in  hav- 
ing designed  such  a  large  number  and  wide  variety  of  buildings  as 
to  be  able  to  determine  boiler  horse-power  by  mere  comparison 
with  a  similar  building  previously  designed.  Our  own  experience 
has  been  that  one  building  forms  no  precedent  for  another,  except 
in  the  most  general  way.  The  only  safe  plan  is  to  study  each 
building  independently  and  on  its  own  merits.  Buildings  of  ap- 
proximately the  same  cubic  contents,  and  for  the  same  general 
class  of  business,  may  differ  widely  in  their  requirements  for  steam. 

The  indirectness  of  the  piping  system  criticised  by  Mr.  Hill  is 
due  to  the  necessity  for  avoiding  interference  with  the  smoke  flue, 
the  head-room  being  limited  (see  Fig.  106).  The  steam  pipe  was 
enlarged  to  allow  for  this  increased  length.  The  pipes  were  so 
large,  and  the  engines  so  close  to  the  boilers,  that  no  receiver  was 
deemed  necessary.  The  large  number  of  fittings  vv'hich  Mr.  Hill 
criticises  on  the  exhaust  is  due  to  the  necessity  of  fitting  the  plant 
into  the  available  space  to  best  advantage.  I  have  not  found  it 
satisfactory  to  coimect  exhaust  heaters  on  closed  branches.  It 
will  be  noticed  that  the  heater  outlets  serve,  also,  as  connections  to 
the  heating  system,  and  the  double  connection  certainly  improves 
the  efficiency  of  the  heaters  as  expansion  tanks. 

If  we  are  to  understand  that  Mr.  Hill  invariably  uses  220  volts 
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pressure  instead  of  110,  Ik^  is  not  in  liarniony  with  the  best  prac- 
tice of  the  (lay.  This  (le])en<]s  iij^on  many  features,  and  1 10  volts 
will  ])rol)ably  continue  to  have  the  ])reference  for  ordinary  isolated 
work,  particularly  as  the  latest  forms  of  motors  require  greatly 
reduced  starting  currents. 

Mr.  Hill  thinks  2-100  kilowatts  and  1-50  kilowatts  unit  would 
have  been  better  than  3-75  kilowatts,  one  of  the  lOO's  to  have  a 
non-compound  engine.  Wo  do  not  agree  with  him.  Theoretically 
the  three  units  should  be  different  in  capacity,  so  that  a  large 
number  of  combinations  may  be  made  in  order  to  suit  the  different 
loads,  the  efficiency  being  better  at  or  near  rating.  In  ])ractice, 
however,  this  does  not  work  out,  as  the  operatives  will  not  change 
engines  over  for  small  variations  of  load.  Furthermore,  the  ef- 
ficiency curve  is  reasonably  level  between  75  per  cent,  and  120  per 
cent,  of  rating,  and  only  drops  seriously  outside  of  these  limits. 
On  the  other  hand,  the  advantages  of  units  that  are  identical  are 
many.  They  not  only  cost  less,  but  they  usually  fit  the  space 
available  better,  and  only  one  set  of  repair  parts,  packing,  etc., 
need  be  carried.  They  are  absolutely  interchangeable,  and  an 
accident  to  one  of  them  impairs  the  service  no  more  than  another. 
The  only  case  where  a  small  unit  is  justified  is  where  it  is  known 
that  there  will  be  a  light  load  for  long  hours.  The  accompanying 
statements  of  actual  load  show  that  the  selection  was  amply  jus- 
tified in  the  present  instance. 

As  to  the  switchboard,  the  specifications  mapped  out  the  design 
in  a  general  way,  but  did  not  go  into  minute  detail,  the  contractor 
being  required  to  submit  his  detailed  design  for  approval.  When 
he  did  this,  all  the  details  were  carefully  checked,  and  such 
changes  made  as  were  found  necessary.  It  is  desirable  to  use 
standard  apparatus,  as  far  as  possible,  in  order  to  keep  the  cost 
down.  A  special  and  original  design  of  switchboard — and  par- 
ticularly a  new  design  of  switches,  would  certainly  have  made 
the  cost  excessive.  We  have  had  no  difficulty  in  finding  switches 
of  satisfactory  design  on  the  market.  The  points  which  Mr.  Hill 
mentions  are  all  good  ones,  provided  they  are  not  carried  to  the 
point  of  unreasonable  cost.  It  must  not  be  understood  that  the 
bus  bars  were  allowed  to  heat  to  the  45-degree  limit,  wjiich  was 
intended  to  cover  joints  and  switch  clips. 

As  to  the  months  of  heating  in  St.  Louis,  the  coldest  months 
are,  of  course,  November,  December,  January,  and  February. 
There  is  quite  a  falling  off  in  March,  and  a  still  greater  one  in 
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April  and  October.  These  three  months  together  do  not  usually 
requh-e  as  much  heating  as  one  of  the  others.  It  is  true  that 
some  heating  is  done  during  seven  months  of  the  year,  but  that 
means  four  months  of  full  heating  and  three  months  of  very 
light  service. 

There  is,  of  course,  no  objection  to  making  the  crank  piu 
greater  in  diameter  than  the  shaft,  but  it  should  not  be  less. 

We  cannot  agree  with  Mr.  Hill  that  two  ])ages  might  have  been 
omitted  in  Section  E  bj^  simpl}^  calliug  for  compliance  with  the 
underwriters'  rules.  A  careful  checking  of  those  pages  shows 
but  three  sentences  which  might  have  been  omitted,  all  the  rest 
being  special.  At  that  time  the  St.  Louis  Underwriters'  rules  did 
not  fully  cover  220-volt  work.  For  instance,  we  specified  the 
thicknesses  of  rubber  for  different  sizes  of  wires,  which  is  a  point 
the  underwriters  have  taken  up  since ;  also  an  insulation  resist- 
ance test  based  on  length  of  wire  in  circuit,  instead  of  number  of 
lamps  connected,  which  we  believe  is  better  practice.  We  limited 
the  number  of  lamps  per  circuit  more  than  would  have  been  per- 
missible under  the  underwriters'  rules.  These  rules  no  not  spec- 
ify size  or  drop.  We  always  require  underwriters'  inspection, 
and  their  rules  are  good  as  far  they  go,  but  they  do  not  cover  all 
desirable  features. 

Each  floor  and  each  room  of  the  building  must  be  computed 
independently  for  the  heat  loss.  The  wall  factor,  however,  was 
not  changed  for  each  floor,  as  the  thickness  varied  but  little,  and 
an  average  value  was  assumed ;  the  natural  tendency  of  heat  to 
find  its  way  to  the  upper  floors,  as  well  as  the  increased  amount  of 
radiation  on  the  top  floor,  being  considered  sufficient. 

The  objections  to  electric  pumps  are  their  greatly  increased 
first  cost,  greater  complication  and  liability  to  derangement. 
They  could  not  be  used  satisfactorily  for  boiler  feeding  on 
account  of  their  low  motor  efficiency  at  slow  speeds.  These 
facts,  in  our  opinion,  overbalance  their  better  steam  efficiency. 
An  electric  house  pump  would,  of  course,  have  given  satisfaction, 
but  we  did  not  feel  justified  in  recommending  it  on  account  of  its 
increased  cost,  and  having  two  different  kinds  of  pumps  in  the 
plant. 

The  most  important  criticism  which  Mr.  Hill  makes,  however, 
is  that  there  seems  to  be  a  discrepancy  between  promise  and  per- 
formance, and  that  while  the  test  duties  are  high,  the  actual 
results  are  poor.     He  mentions  a  number  of  buildings  in  which 


;')2<S       MKCIlANKWIi    J'l.AN'l'    OF    A     MODKliN'  COM  M  MKCIA  I.    lillLDING. 

tlio  consumption  of  I'uol  is  lower,  altliouj^li  they  liave  less  efficient 
apparatus,  all  of  vvliicli  he  submits  as  an  argument  against  the 
use  of  improved  apparatus.  A  moment's  consideration,  liowever, 
will  sliow  the  impropriety  of  thus  comparing  buildings  which  are 
used  for  widely  different  purposes.  In  order  to  make  a  more 
equitable  comparison,  we  have  looked  up  the  coal  consumption  of 
a  number  of  largo  modern  buildings  in  this  city,  which  are  of 
such  a  character  as  to  be  fairly  comparable  with  the  Commerce 
Realty  Company's  plant.  All  of  them  have  hydraulic  elevators 
and  non-compound  electric  light  engines.  The  number  of  tons  of 
2,000  pounds  of  soft  Illinois  coal  consumed  in  these  buildings  per 
annum  for  all  purposes  for  each  1,000  cubic  feet  of  space  above 
ground  level,  is  as  follows:  4.40,  2.96, 1.91,  1.8S,  1.73,  and  .92,  the 
last  being  the  Commerce  Realty  Company's  building.  The  latter 
is,  therefore,  using  only  a  trifle  over  half  as  much  coal  as  the  best 
of  the  other  buildings,  and  about  one-fifth  as  much  as  the  worst. 
This  proves  that  the  coal  consumption  is  not,  as  Mr.  Hill 
assumes,  large,  but,  on  the  contrary,  is  very  small  indeed.  For 
instance,  during  the  month  of  December,  1898,  the  average  load 
on  the  engines  was  237.5  horse-power,  of  which  a  little  less  than 
10  per  cent,  was  for  elevators  and  the  balance  for  lighting.  This 
large  lighting  load  is  due  to  the  building  being  a  very  dark  one. 
For  the  same  month  the  coal  consumption"  was  a  trifle  under 
1,000  pounds  per  hour,  which  includes  coal  used  for  banking 
fires  and  raising  steam  in  the  morning,  as  well  as  radiation  and 
all  other  losses,  and  the  heating  of  the  building  when  the  engines 
were  not  running.  This  consumption  of  four  pounds  of  inferior 
coal  per  indicated  horse-power  hour  is  certainly  a  good  result, 
being  equivalent  to  about  tliree  pounds  of  the  anthracite  screenings 
which  Mr.  Hill  mentions.  It  is  also  equivalent  to  about  three  and 
a  half  pounds  of  our  coal  per  indicated  horse-power  hour  while 
the  engines  were  in  operation.  In  our  opinion  simple  engines 
would  have  requu^ed  about  50  per  cent,  more  fuel  for  the  same  work. 
During  the  week  of  December  19th  to  25th  a  careful  log  was 
kept  of  the  electrical  load,  and  it  was  found  to  range  between  400 
and  800  amperes,  averaging  615.  There  are  now  so  much  data 
available  as  to  the  economy  of  compound  engines  and  electric  eleva- 
tors that  these  points  should  be  no  longer  left  open  to  discussion. 

Mr.  George  II.  Hill  contributes  some  interesting  data  on  eleva- 
tors. The  use  of  the  corner  guide  posts,  wooden  rails,  and  in- 
creased number  of  idlers  were  matters  beyond  our  control.     Our 
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own  preference  was  to  locate  the  elevator  mechanism  at  the  top 
of  the  shafts,  which  we  have  often  done  with  satisfactory  results, 
but  this  was  opposed  by  the  contractors.  The  machinery  would 
have  been  somewhat  less  accessible,  but  would  have  occupied 
less  valuable  space,  and  would  doubtless  have  been  more  efficient. 
Mr.  Hill's  figures  are  slightly  in  error.  In  computing  the  effi- 
ciency he  takes  the  amperes  at  70  (see  Fig.  Ill),  which  was  the 
current  required  just  before  the  car  reached  the  upper  limit 
of  travel,  when  the  cables  had  all  gone  over  the  sheaves  aud 
were  assisting  the  counterbalance.  This  explains  the  reduction 
in  power  iu  each  of  the  different  cases.  A  fairer  reading  would 
be  midway  of  the  travel,  at  which  point  the  amperes  consumed 
were  75.  Computations  made  on  this  basis  show  the  hoisting 
efficiency  of  the  elevators  to  have  been  not  70,  but  63.6  per  cent., 
which  result  is  nevertheless  excellent.  Similar  computations  with 
4,000  pounds  load  gives  an  efficiency  of  53|-  per  ceut.,  which  is 
about  what  would  ordiuarily  be  expected.  With  a  load  of  1  000 
pounds,  the  efficiency  dropped  to  45.6  per  cent.  Similar  compu- 
tations show  that  the  total  horse-power  to  lift  5,000  pounds  at 
153  feet  per  minute  was  approximately  22,  of  w-hich  about  7  was 
required  to  overcome  friction,  23  to  lift  the  useful  load,  and  8  was 
derived  from  the  counterbalance.  The  above  computations  do 
not  take  into  consideration  the  extra  power  required  in  starting. 
The  efficiencies,  however,  are  not  materially  above  those  antici- 
pated, as  is  shown  by  comparing  the  table  on  page  261  with  that 
on  page  288. 

Mr.  Hill  also  makes  an  error  in  his  definition  of  the  unit  of 
elevator  efficiency.  It  is  not  kilowatts  per  car  mile,  but  kilowatts 
Jwurs  per  car  mile,  which  takes  into  consideration  the  element  of 
time.  The  efficiencj^  thus  stated  is  dependent  upon  speed,  as  Mr. 
Hill  states,  but  not  on  load.  Whatever  the  live  load  or  the 
counterbalance  may  be,  the  power  required  to  lift  them  is  re- 
turned to  the  line  on  the  return  trip,  less  friction.  Assuming, 
therefore,  that  the  same  total  load  is  ultimately  lowered  as  well  as 
lifted,  the  power  required  is  only  that  necessary  to  overcome 
friction,  motor  losses,  and  acceleration.  Load,  therefore,  only 
comes  in  so  far  as  it  affects  friction,  motor  efficiency,  and  starting 
current,  so  that,  after  all,  the  efficiency  unit  customarily  used — 
kilowatts  hours  per  car  mile — if  not  exact,  is  by  no  means  so 
greatly  in  error  as  Mr.  Hill  assumes.  If,  in  using  this  unit,  the 
loads,  speeds  and  frequency   of  stops   are  started,  so  that  their 
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eilect  oil  friction  and  acceleration  may  be  taken  into  considera- 
tion, and  the  records  are  taken  for  round  trips,  it  is,  in  our  opinion, 
an  equitable  basis  of  comparing  elevator  efficiencies.  We  have 
sometimes  required  the  eflSciencies  to  be  stated  in  kilowatts  liours 
— or  their  equivalent — per  ton  mile  of  live  load,  but  this  is  no 
better  than  tlie  other,  as  the  power  consumption  does  not  vary  in 
direct  proportion  to  the  load.  It  is  true,  as  .Mr.  Hill  states,  that 
the  same  kilowatts  will  be  retjuired  to  lift  either  5,000  pounds  at 
150  feet,  or  2,500  pounds  at  300  feet,  and  in  the  latter  case  the 
kilowatts  hours  per  car  mile  would  be  only  lialf  the  former.  This 
is  due  wholly  to  the  increase  of  speed,  however,  and  not  at  all  to 
the  load,  as  that  equalizes  itself  on  the  down  trip.  Leaving  start- 
ing curi'ent  out  of  consideration,  the  ])ower  consumed  for  round 
trips  is  wholly  expended  in  friction  and  motor  losses.  But  it 
must  not  be  overlooked  that  loads  and  speeds  have  important 
effects  on  friction,  motor  losses,  and  acceleration. 

Mr.  Hill  is,  also,  certainly  unwarranted  in  his  statement  that 
the  size  of  the  electrical  generating  plant  is  influenced  but  little 
by  the  elevators.  It  is  shown  in  the  paper  that  the  average  elec- 
tric horse-power  used  by  the  elevators,  over  a  long  period  of  time, 
is  about  20,  which  may  be  increased  to  25  at  the  busiest  seasons. 
The  most  serious  feature,  however,  is  the  starting  current,  which, 
as  shown  in  Fig.  110,  is  about  50  per  cent,  greater  than  the  run- 
ning current,  so  that  a  single  elevator  requires  over  30  horse- 
power when  starting,  and  if  a  number  of  them  start  at  once — as 
frequently  happens — 100  horse-power,  or  more,  may  be  thrown  on 
the  generators  at  one  time.  The  latter  must,  therefore,  not  only 
have  an  increased  capacity  of  25  horse-power  for  average  service, 
but  must  be  able  to  take  overloads  of  three  or  four  times  this 
amount. 

The  accompanying  chart.  Fig.  Ill,  shows  the  current  consump- 
tion for  an  hour,  on  the  afternoon  of  January  '25,  1899,  readings 
being  taken  at  15-second  intervals.  Fig.  112  shows  the  last  20 
minutes  of  the  same  hour,  with  readings  taken  at  still  shorter 
intervals.  In  Fig.  Ill  we  have,  also,  plotted  the  average  elec- 
trical load  and  the  voltage,  which,  on  the  whole,  tell  an  interest- 
ing story.  These  readings  were  taken  on  a  bright  day,  and  at  a 
time  when  the  elevator  service  was  low,  so  that  the  results  do  not 
average  as  high  as  the  work  done  in  December.  The  chart  points 
out  the  advantages  of  a  large  lighting  load  for  steadying  eleva- 
tor service.     It  also  clearly  shows  the  reason  of  the  large  coal 
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coDSumption,  which  was  such  a  bugbear  to  Mr.  George  Hill,  aud 
is  an  argiimeiit  which,  we  think,  will  be  conclusive  to  most  parties 
as  to  the  efticiency  of  the  apparatus,  when  it  is  remembered  that 
the  coal  consumption,  for  all  purposes,  was  less  than  1,000  pounds 
of  inferior  coal  per  hour. 

A  serious  objection  to  the  electrical  elevator,  heretofore,  has 
been  its  excessive  startiug  current.  This  is  being  reduced  in  the 
latest  forms  of  motors,  until  to-day  it  is  no  longer  the  serious 
objection  that  it  was.  At  the  time  the  observations  shown  in 
Figs,  111  and  112  were  taken,  the  elevators  were  adjusted  for  about 
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a  three  seconds'  start.     With  this  increased  to  five  seconds,  the 
fluctuations  of  current  would  be  much  less  severe. 

Mr.  George  Hill's  first  inquiry  has  been  fully  answered.  Answer- 
ing his  second,  will  say,  that  if  the  Sprague  Company  gave  more 
than  a  strict  interpretation  of  the  contract  required,  they  prob- 
ably had  good  reasons  for  doing  so.  Elevators  following  the 
revised  specifications  would  certainly  have  cost  less.  Answering 
his  third  inquiry,  will  say,  that  to  get  the  best  efficiency,  the 
service  required  of  each  elevator  must  be  studied  to  ascertain  its 
average  work,  and  then  it  should  be  counterbalanced  accordingly. 
A  machine  of  the  "  Z "  type,  with  pilot-motor  control,  can  be 
adjusted,  for  efficient  results,  with  light  loads  at  high  speeds,  and, 
at  the  same  time,  be  able  to  carry  increased  loads  at  reduced 
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speeds,  and  witli  practically  equal  efficiency  and  with  the  same 
counterbalance. 

As  to  Mr.  Bolton's  criticism  of  the  chimney  being  lined  with 
fire  brick  throughout,  will  say,  this  was  done  at  the  desire  of  the 
architects.  This  is  the  only  case  where  we  ever  did  it,  but  we 
thought  it  would  be  an  opportunity  to  compare  results.  It  has 
some  advantages  in  increasing  the  life  of  the  stack,  and  by  re- 
ducing heat  loss,  would  maintain  the  draught  better,  but  we  agree 
with  Mr.  Bolton  that,  as  a  general  j)roposition,  the  expense  is 
unwaiTanted. 
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THE   CALORIFIC  POWER    OF    WEATHERED    COALS. 

BY   R.    S.   HALE    (ASSOCIATE   MEMBER),    BOSTON,    AND    IIENKY    J.    WILLIAMS,   BOSTON. 

In  1896,  samples  of  Maryland,  Virginia,  Pennsylvania,  and 
Ohio  coals  were  collected  and  arranged  for  testing  as  follows : 
For  tests  of  fine  coal  the  samples  were  ground  in  a  coffee 
grinder,  and  thoroughly  mixed  and  divided  into  two  parts.  For 
tests  of  lump  coal  the  coals  were  broken  into  lumps  of  about 
nut  size,  and  alternate  lumj^s  taken  from  the  pile  to  form  two 
samples. 

Having  thus  obtained  two  reliable  samples  of  each  coal,  or 
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four  samples,  where  tests  of  both  fine  and  lump  coal  were  to  be 
made,  one  sample  was  tightly  sealed  in  an  ordinary  pint  fruit 
jar,  while  the  corresponding  sample  was  exposed  on  an  un- 
covered balcony  out  of-doors  for  eleven  months  in  an  uncovered 
tin  can  provided  with  a  diaphragm  or  bottom  of  fine  wire  gauze, 
as  shown  in  the  accompanying  sketch  (Fig.  113). 

Rain  and  snow  fell  upon  the  coal,  but  the  wire  diaphragm 
permitted  the  water  to  drain  off,  while  a  paper  disk  placed 
upon  the  wire  gauze  prevented  the  coal  from  sifting  through  the 
meshes. 

The  lump  samples  were  exposed  in  pans  of  much  larger  size, 
which  were  provided  with  holes  to  let  the  water  drain  off. 

This  method  of  exposure  closely  reproduces  the  conditions  to 

*  Presented  at  tlie  New  York  meeting  (December,  1898)  of  tlie  American  Soci- 
ety of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions, 
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which  the  surfuco  of  a  ])ik)  of  coal,  left  out-of-doors,  would  be 
exposed.  The  interior  of  such  a  pile,  however,  would  suffer 
less  than  the  samples. 

At  the  end  of  eleven  months  all  the  samples  were  analyzed 
by  Mr.  Henry  J.  Williams,  together  with  a  sample  of  Pocahontas 
coal  that  had  been  exposed  in  a  coal  yard  for  three  years,  and 
one  of  Cumberland  coal  that  had  been  under  cover  for  three 
years.  These  last  coals,  however,  being  different,  are  not  com- 
parable with  each  other. 

The  results  of  the  above  analyses  are  shown  in  the  accom- 
panying table. 

Proximate  analyses  of  the  coals  may  be  found  on  lines  1,  2, 
3,  and  4. 

In  these  analyses  the  percentages  of  ash  in  some  of  the  exposed 
samples  are  unfortunately  too  high,  for  a  little  gravel  was  ac- 
cidentally washed  off  the  roof  of  the  house,  by  the  rain,  into 
some  of  the  cans.  This,  however,  in  no  way  affects  the  relative 
percentages  of  combustible  matter  free  from  ash. 

The  percentages  of  sulphur  are  found  on  lines  5  and  6,  while 
lines  7,  8,  9,  10,  and  11  give  the  ultimate  analyses,  calculated  to 
combustible.  The  British  thermal  units  calculated  from  the 
analyses  by  the  formula  suggested  by  the  boiler  committee  of 
the  A.  S.  M.  E.,  viz.  :  "  146C  +  620(H  -  |)  +  40S,"  appear  on 
line  12,  Avhile  the  British  thermal  units  interpolated  from 
Kent's  curve,  which  is  based  upon  the  per  cent,  of  fixed  carbon, 
as  found  by  proximate  analysis,  may  be  found  on  line  13. 

Line  14  shows  the  per  cent,  of  fixed  carbon  in  the  combusti- 
ble. Lines  15  to  21  record  the  changes  in  the  various  quanti- 
ties due  to  weathering,  being  plus  for  an  increase,  and  minus 
for  a  decrease. 

Line  22  gives  the  free  hydrogen,  and  line  23  its  increase  and 
decrease,  due  to  weathering. 

Finally,  on  line  24  the  calorific  power  of  three  samples  of  the 
above  coals,  both  sealed  and  exposed,  as  determined  in  Mr. 
Williams's  bomb  calorimeter,  is  shown. 

The  average  of  the  results  obtained  shows  that  weathering, 
under  the  conditions  described,  decreases  the  percentage  of 
carbon,  hydrogen,  nitrogen ;  increases  the  percentage  of  oxygen, 
and  does  not  materially  alter  the  percentage  of  sulphur. 

The  conclusions  to  be  drawn  from  an  examination  of  the  re- 
sults shown  are ; 
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1st.  That  weathering  decreases  by  about  two  per  cent,  the 
theoretical  calorific  power,  as  calculated  by  Dulong's  formula. 

2d.  That  weathering  decreases  by  about  one-half  of  one  per 
cent,  the  actual  or  true  calorific  power,  as  shown  by  the  three 
results  obtained  with  the  bomb. 

3d.  That  if  the  results  calculated  from  the  aboye  analyses 
are  interpolated  from  Kent's  curve,  which  is  based  on  the  per 
cent,  of  fixed  carbon,  as  determined  by  proximate  analysis,  the 
latter  being  a  more  or  less  variable  quantity  according  to  the 
age  and  degree  of  exposure  of  the  coal,  the  remarkable  result  is 
obtained  that  the  weathering  of  a  sample  of  coal  r/t creases  the 
percentage  of  fixed  carbon  in  the  combustible,  and  also  increases 
by  about  one  per  cent.  (lO  the  calorific  power  of  the  coal. 

It  may  be  noted  that  the  English  form  of  Dulong's  formula, 
which  neglects  the  term  f ,  but  uses  slightly  lower  values  for  the 
heat  of  combustion  of  C  and  H,  would  cause  the  calorific  power, 
as  computed,  to  agree  more  closely  with  the  results  obtained 
with  the  bomb  than  the  formula  '' U5C  -  620  (H-  f)  +  40S." 
This  is  especially  noticeable  when  the  weathered  and  un- 
weathered  samples  are  compared. 

In  a  general  way,  the  results  show  a  slight  diminution  of 
calorific  power  in  the  grades  of  coal  examined,  directly  traceable 
to  weathering.  They  also  show  that  where  coals  have  not  been 
exposed  to  oxidation,  by  weathering  or  otherwise,  there  is  a 
reasonably  close  agreement  between  the  results  calculated 
by  Dulong's  formula  and  those  obtained  with  the  bomb  calo- 
rimeter. 

Last  of  all,  they  show  that  when  it  is  desired  to  compare  the 
respective  calorific  powers  of  coals  that  have  been  altered  to 
a  greater  or  less  extent  by  oxidation  with  those  of  coals  that 
have  not  been  exposed  to  the  weather,  the  use  of  Dulong's 
formula,  or  any  of  its  modified  forms  at  present  in  use,  as  well 
as  the  use  of  Kent's  curve,  would  lead  to  erroneous  conclusions. 

."DISCUSSION. 

Mr.  F.  W,  Dean. — I  happen  to  have  analyses  of  samples  taken 
from  one  load  of  picked  Pocahontas  coal — one  taken  on  April 
22,  1S95,  when  the  coal  had  been  constantly  under  cover  from 
the  time  it  was  mined  ;  and  the  other  taken  on  September  25, 
1896,  the  coal   having   been    out-of-doors   during  the    interval 
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between,  or  seventeen  inoiiths.  This  coal  was  picked  at  the 
mine  and  sliipped  in  l)()x  cars.  TIh^  analysers  of  the  samples  are 
as  follows  : 


April  22,  1895. 

Carbon 87.70 

Hydrogen 5.20 

Nitrogen 1 .25 

Oxygen 2.08 

Ash 2.49 

Sulpli.ir 0.68 

Computed  calorific  value 15,860 


Spplcmhcr  25,  1896. 

('arl)oii 87.11 

Hydrogen   4.34 

Nitrogen 1.32 

()xyg(!n 4.00 

Ash 2.55 

Suli)hur 0.62 

Computed  calorific  value 15,026 


It  would  probably  be  assuming  too  much  to  say  that  the  coal 
had  lost  the  heat  value  indicated  by  the  analyses,  or  3^  per 
cent.,  for  we  cannot  positively  say  that  each  sample  represented 
the  coal,  for  neither  was  a  sample  of  the  whole  lot,  but  of  the 
parts  that  were  used  on  two  boiler  tests.  Therefore,  these 
results  can  merely  pass  for  what  anybody  happens  to  think  they 
are  worth. 

M7\  William  Kent. — The  results  obtained  by  the  authors  of 
the  paper  are  important  and  valuable,  in  showing  that  the  loss 
in  the  heatiug  value  of  bituminous  and  semi-bituminous  coal  is 
not  as  great  as  it  is  generally  supposed  to  be,  and  in  giving  us 
increased  confidence  in  the  Dulong  formula  for  calculating  heat- 
ing value  from  the  ultimate  analysis — provided  the  analysis  is 
correct.  In  order  to  study  the  results  given  in  the  complete 
table  of  figures,  I  have  made  the  following  short  table,  which 
may  be  of  interest : 


Coals. 

Fixed  C.  in  Combttsti- 

BLE. 

Heating  Value  pek  W.  Comb., 
B.T.U. 

By  Analysis. 

By  Calculation. 

Creorge's  Creek,  L.  M 

New  River,  I.  H. 

inc.  2.4  per  cent, 
dec.  1.4 
inc.  3.4 
inc.  0.3 
dec.  0.8 
inc.  2.9 
dec.  0.2        '♦ 
inc.  1.0 

dec.  427 
dec.  208 
dec.  611 
dec.  341 
inc.     63 
dec.  220 
dec.    95 
dec.    93 

90 

Portland,  0.,  C.  D 

160 

"      B.  A 

McDonald,  Pa. ,  K.  J 

"      0.  N 

Pittsburg,  Pa. ,  P.  E 

40 

•'      R.    S 

Average 

inc.  0.95  per  cent.       dec.  241     ,             97 

The  average  decrease  in  heating  value  by  weathering,  accord- 
ing to  the  analyses,  is  241  B.T.U.  per  weight  of  combustible, 
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or  about  l.()  per  cent.,  and  according  to   tlie   calorimeter  it  is 
(for  three  samples  only)  about  0.67. 

The  authors  have  compared  their  results  with  a  curve  which 
I  i)lotted  from  the  results  of  Mahler's  calorimetric  work  and 
2)ublished  in  volume  i.  of  Mineral  Industry,  1890,  and  also  in 
1897  in  volume  xxiv.  of  the  Transactions  of  the  American  Insti- 
tute of  Mining  Engineers,  in  connection  with  a  discussion  of  the 


B.T.U.  CALORIES. 

16020  8900 

15SM  8800 

15660  8700 

15180  8600 

15300  8500 

15130  8100 

11910  8300 

U760  8300 

11580  8100 

moo  8000 

U230  7900 

11010  7800 


•p     '  L!    1    1 

1     1 

1   1 

1      1 

Mr'V^  <!   ' 

1     '     i     1 

1  1  1 

1      1 

G 

/ 

' — ' ^^^!r^^i2i^£^ 

4H(. 

Ef?.S  y    \         '                                                          III 

4ax 

!     I^"! 

1 

1        1 

•^>>^' 

-X"; 

J? 

1     1     1 

1 

i  ^\        1  ^*>^   "  1 

Nx 

:^ 

Sx 

/  ^^  1  •- 

^^ 

1     1 

1     1     1     '     1     1     1     1     ^ 

^<^>^\ 

p^ 

L,G,J,C,ETC.UNWEATHERED  COALS. 
Mx,Hx,Dx,ETC.  WEATHERED  COALS. 
THE  POSITIONS  JOINED  DY  DOTTED  UNES 
REPRESENT  RESULTS  OF  CALORIMETRIC 
DETERMINATIONS;  THOSE  JOINED  BY 
FULL  UNES  SHOW  RESULTS  CALCULATED 

^y 

1  1  \^ 

•Ex 

1 

1    1    Ik>"J>V 

1 

\        ? 

\/ 

FROM  ANALYSES. 

K 

;       !       1             '      1       '      f                         ,             1 

A,      ' 

13S60   7700 

^^       '"^       80  79  78  77  70  7o  71  73  7i  71  70  09  OS  07  GO  05  61  G3  62  01  00  59  58  57  50 

Hale     CALORIFIC  POWER  OF  COALS,  WEATHERED  AND  UNWEATHERED. 

Fig.  114. 

work  of  Professors  Lord  and  Haas  on  American  coals.  As  this 
curve  has  frequently  been  referred  to  by  recent  writers,  and  as 
it  has  now  fairly  established  its  validity  within  the  limits  I  have 
claimed  for  it,  I  will  ask  to  have  its  most  important  part  repro- 
duced with  this  discussion,  with  a  slight  modification  which 
later  studies  have  made  advisable. 

A  table  derived  from  tlie  curve  is  as  follows: 

Appkoximate  HEATr^-G  Value  of  Coals. 


Per  Cent,  op  Fixed 
Carbon  ix  Coal' 
Dry  and  Free; 
FROM  Ash. 


Heating  Value. 


Calories. 


British  Ther- 
mal Units. 


»«  8,300 

9^ !  8.450 

90 1  8,600 

^T :  8,700 

^0  8,800 

72 8,700 

68 8,600 


14,940 

15,210 
15,480 
15.660 
15,840 
15.660 
15.480 


Per  Cent,  of  Fixedi 
Carbon  in  Coal; 
Dry  and.  Free, 
FROM  Ash. 


63 
60 
57 
j55 
53 
51 


Heating  Value. 


Calories. 

8,400 
8,200 
7,900 
7,700 
7.400 
6,900 


jBriti^h  Ther- 
mal Units. 


15,120 
14,760 
14,220 
13,860 
18.320 
12.420 


The  figures  in  the  original  table  published  in   18:>0,  which 
have  been  changed  in  the  above  table,  are  the  following  j  97, 
22 
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8/iOO  calories;  94,  8,400;  00,   8,100;  57,   7,800;  54,   7,400;  51, 
7,000  ;  50,  G,800. 

The  original  claim  made  for  this  curve  was  as  follows : 
"  Knowing  the  percentage  of  fixed  carbon  in  the  dry  coal  free 
from  ash,  we  may,  in  the  case  of  all  coals  containing  over  58  per 
cent,  of  fixed  carbon,  predict  their  heating  value  within  a  limit 
of  error  of  about  3  per  cent." 

In  1897  a  study  of  Lord  and  Haas's  work  led  to  the  following 
statements  :  "  Excluding  the  coals  that  have  below  58  per  cent, 
of  fixed  carbon  in  the  combustible,  the  variation  of  any  one  of 
Lord  and  Haas's  coals  from  the  Mahler  line  does  not  exceed 
320  calories  (576  British  thermal  units),  or  about  4  per  cent. 
Taking  the  average  figure  for  each  class  of  coals  [there  were 
seven  classes,  40  coals  in  all,  viz.  :  Pocahontas,  5  ;  Hocking  Val- 
ley, O.,  5  ;  Thacker,  W.  Va.,  4  ;  Pittsburg,  7  ;  Middle  Kittanning, 
Pa.,  7 ;  Upper  Freeport,  Pa.  and  O.,  11 ;  and  Mahoning,  O.,  1], 
it  falls  in  all  cases  within  the  limits  of  3  per  cent.  .  .  .  Tak- 
ing into  consideration  the  fact  that  the  reported  percentage  of 
fixed  carbon  is  very  apt  to  be  2  or  3  per  cent,  in  error,  I  am  dis- 
posed to  hold  to  my  original  conclusion,  at  least  until  a  larger 
series  of  tests  may  show  that  it  should  be  modified.  It  is  to  be 
observed,  however,  thrt  the  Mahler  line  falls  rapidly  with  per- 
centages below  62  per  cent,  of  fixed  carbon  ;  and  it  is  therefore 
to  be  expected  that  below  this  point  there  will  be  a  greater 
range  of  variation  in  heating  value  than  above  it.  When  the 
volatile  matter  exceeds  38  per  cent,  an  increasing  proportion  of 
it  is  oxygen,  and  the  relative  proportion  of  oxygen  in  the  highly 
volatile  coal  varies  in  the  coals  of  different  districts,  as  is  shown 
by  Lord  and  Haas's  analyses.  Thus  the  Upper  Freeport  coal 
averages  only  9.58  per  cent,  of  0  (in  the  coal  dry  and  free  from 
ash),  while  the  Hocking  Yalley  coal  averages  16.10  per  cent., 
although  both  coals  have  the  same  percentage  of  fixed  carbon, 
viz.,  58  per  cent.  Full  credence,  therefore,  is  to  be  given  to  the 
conclusions  drawn  from  Lord  and  Haas's  tests,  that,  when  the 
fixed  carbon  is  less  than  62  per  cent,  of  the  combustible,  each 
class  of  coal  has  a  law  of  its  own,  and  coals  of  any  one  class 
may  differ  in  heating  power  from  the  coals  of  another  class  con- 
taining the  same  percentage  of  fixed  carbon,  to  an  extent  as 
great  as  5  per  cent.,  as  in  the  case  of  the  Upper  Freeport  an<- 
the  Hocking  Valley  coals." 

Messrs.  Hale  and  Williams  in  their  third  conclusion  say  :  "  L 
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the  results  calculated  from  the  above  analyses  be  interpolated 
from  Kent's  curve  .  .  .  the  remarkable  result  is  obtained 
that  the  weathering  of  a  sample  of  coal  increases  the  percentage 
of  fixed  carbon  in  the  combustible,  and  also  increases  about  1 
per  cent,  the  calorific  power  of  the  coal.'" 

It  is  not  at  all  remarkable  that  the  percentage  of  fixed  carbon 
should  increase  by  weathering,  and  this  fact  is  learned  without 
the  use  of  my  curve,  by  simply  referring  to  the  analyses.  As 
shown  in  the  small  table  given  on  page  336,  the  average  increase  in 
fixed  carbon  is  0.95  per  cent.,  and  an  increase  took  place  in  five 
samples  out  of  eight.  There  is  no  reason  why  an  increase  should 
not  be  expected,  for  it  is  at  least  as  probable  that  weathering 
should  cause  an  oxidation  and  disappearance  of  volatile  matter 
as  that  it  should  cause  an  oxidation  of  fixed  carbon.  It  is  not 
impossible  that  it  should  cause  an  increase  in  the  heating  value 
par  pound  of  combustible,  for  that  would  ensue  if  the  weather- 
ing should  cause  the  loss  of  that  portion  of  the  volatile  matter 
whicli  contains  oxygen  rather  than  hydrocarbon,  or  if  it  should 
cause  the  oxidation  of  fixed  carbon,  leaving  in  the  coal  the  more 
valuable  hydrocarbon. 

It  is  scarcely  fair  to  the  curve  to  condemn  it  for  showing  an 
average  increase  of  heating  value  of  1  per  cent.,  instead  of  the 
decrease  of  0.6  per  cent,  shown  by  the  calorimeter,  when  the 
curve  was  not  derived  from  weathered  coal,  and  especially  when 
the  best  claim  made  for  the  curve  is  that  it  will  give  results 
within  a  limit  of  error  of  3  per  cent. 

On  the  accompanying  diagram  I  have  plotted  the  results 
obtained  by  Messr.s.  Hale  and  Williams,  referring  them  to  my 
curve.     A  study  of  the  diagram  shows  the  following  : 

1 .  All  the  analyses  and  calorimetric  results  on  coals  containincr 
more  than  59  per  cent,  of  fixed  carbon  in  the  combustible, 
weathered  or  unweathered,  are  within  the  stated  limit  of  error  of 
the  curve  3  per  cent.,  with  the  single  exception  of  the  result  cal- 
culated from  the  ultimate  analysis  of  the  weathered  coal  D.  This 
exception  is  evidently  due  to  an  error  in  the  analysis.  The  proxi- 
mate analysis  shows  an  increase  in  the  fixed  carbon  by  weather- 
ing of  3.68  per  cent,  (referred  to  combustible  ',  while  the  ultimate 
analysis  shows  a  decrease  in  the  total  carbon  of  0.99  per  cent. 
These  figures  appear  incomj)atible. 

2.  The  coals  containing  less  than  59  per  cent,  fixed  carbon  show, 
in  most  cases,  a  wide  divergence  from  the  curve,  tending  to  confirm 
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tlio  coiu'lusion  drawu  from  tlio  work  of  Jjord  ;iiul  Haus  tliat  among 
the  liighly  volatile  coals  each  class  of  coal  has  a  law  of  its  own. 
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3.  Coals   A  B    and   C   D,    both  said  to  be  Yorkville   lump, 
from  Portland,  O.,  show  such  a  great  difference  both  in  per- 
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centage  of  fixed  carbon  and  in  heating  value  that  they  appear  to 
belong  to  entirely  different  classes  of  coal.  It  would  be  interest- 
ing to  know  whether  these  samples  came  from  the  same  seam 
or  from  different  seams.  If  from  the  same  seam  the  figures 
would  indicate  that  the  conclusion  of  Professors  Lord  and  Haas, 
that  the  coals  mined  from  one  seam  over  a  considerable  area  of 
country  have  a  nearly  uniform  heating  value,  has  some  extraor- 
dinary exceptions. 

It  should  be  noted  that  the  loss  in  heating  value  per  pound 
of  the  combustible  portion  of  the  coal  may  not  be  a  true 
measure  of  the  actual  loss  in  heating  value  of  the  whole  of  a 
given  lot  of  coal,  for  besides  the  loss  in  heating  value  per  pound 
there  may  be  also  a  loss  in  weight,  and  this,  if  any,  expressed  as 
a  percentage,  should  be  added  to  the  loss  in  heating  value  per 
pound. 
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DCCCIII.* 

EXPERIMENTS  ON  THE  FLOW  OF  STEAM  THROUGH 

PIPES,  ^ 

BY   R.   C.    CARPENTEU,    ITHACA,    N.   T.,    AND   E.    C.    SICKLES,   ANACONDA,    MONT. 

The  experiments  described  in  the  following  paper  were  made 
to  determine  the  coefficient  of  friction  of  steam  flowing  at  differ- 
ent velocities  through  pipes  and  fittings. 

The  results  obtained,  however,  seem  to  be  of  such  a  nature  as 
to  warrant  their  use  in  connection  with  well-known  formulae  for 
the  flow  of  compressible  fluids,  and  a  table  is  submitted  which 
gives  the  probable  amount  of  steam  delivered  through  pipes 
of  different  lengths  and  diameter. 

One  series  of  experiments  was  performed  by  measuring  the 
condensation  and  flow  through  a  line  of  piping  90  feet  in  length 
and  1,  1^^,  and  2  inches  in  diameter,  which  was  erected  in  a 
tunnel  leading  from  the  Sibley  College  boiler  rooms  under  the 
adjacent  street. 

For  this  purpose  a  pipe  line  was,  for  each  test,  erected  in 
a  horizontal  position,  and  the  steam  before  entering  the  line, 
and  after  leaving,  was  passed  through  a  steam  separator.  Very 
accurate  and  carefully  calibrated  steam  gauges  with  dials  14 
inches  in  diameter,  and  subdivided  so  as  to  read  fractions  of 
a  pound,  were  employed  to  determine  the  initial  and  final  pres- 
sures, and  the  drop  in  pressure.  The  quality  of  the  steam  was 
tested  by  the  use  of  a  throttling  calorimeter  after  leaving  the 
first  separator  and  before  reaching  the  second.  The  first  sep- 
arator was  employed  for  the  purpose  of  removing  all  free  water 
from  the  pipe,  and  insuring  dry  steam  or  steam  with  so  little 
moisture  that  the  quality  could  be  accurately  determined. 
After  several  trials  one  was  obtained,  which  gave  very  satis- 
factory results. 

On  account  of  the  large  amount  of  steam  required  for  the 

*  Presented  at  the  New  York  meeting  (December,  1898)  of  the  American  Soci- 
ety of  Mechanical  Engineers,  and  forming  part  of  Volume  XX,  of  the  Transactions. 
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experiment  it  was  impracticable  to  furnish  it  in  a  superheated 
condition. 

The  experiments  were  made  wdth  the  pipe  uncovered,  and 
also  with  the  pipe  yery  carefully  covered  with  thick  coatings  of 
hair  felt  and  asbestos. 

A  later  series  of  experiments  was  made  to  determine  the 
coefficient  of  friction  of  the  steam  discharged  from  a  boiler  plant 
of  525  boiler  horse-power  through  a  3-inch  pipe  95  feet  in 
length.  Finally  the  results  were  checked  by  referring  to  experi- 
ments made  some  years  previous  by  Messrs.  Green  &  Stratford 
to  determine  the  friction  in  a  pipe  195  feet  in  length,  which  was 
used  to  convey  steam  from  the  boiler  plant  to  the  engineer- 
ing laboratory. 

A  diagram  of  the  arrangement  of  piping  which  was  used  in 


ji 
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the  first  series  of  experiments  is  shown  in  Fig.  116.  The  weight 
of  steam  flowing  in  a  given  time  was  calculated  from  the  known 
pressure  behind  discharge  orifices  whose  constants  of  flow  were 
known.  This  latter  quantity  was  of  use  principally  in  determin- 
ing the  velocity  of  steam  flowing  through  the  pipes. 

TJie  ProhJem  Involved. — The  problem  involved  in  the  experi- 
ment required  the  measurement  of  the  loss  of  energy  which 
took  place  in  the  pipe,  and  the  elimination  from  this  of  all 
losses  which  were  not  due  to  friction. 

Where  steam  flows  in  a  given  pipe  there  are  several  fac- 
tors which  tend  to  dissipate  or  change  the  form  of  energy  pos- 
sessed by  the  steam.  These  may  be  classified  as  follows  :  (a) 
condensation,  {]))  friction,  (c)  expansion  with  changes  of  external 
energy,  (c?)  the  effect  of  gravity. 

(a)  The  condensation  may  be  divided  into  two  parts,  one  the 
static  condensation,  that  which  occurs  when  there  is  no  flow  of 
steam ;  the  other  the  dynamic  condensation  which  occurs  when 
there  is  a  flow  of  steam.  The  latter  should  be  less  than  the 
former  on  account  of  fall  of  pressure  a^od  temperature  at  the 
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delivery  })iirt  of  the  pii)e,  which  tends  to  raise  the  quality  of  the 
stoam,  hut  the  fall  in  i)ressure  filso  involves  a  change  in  kinetic 
energy,  and  this,  with  other  iiiflucincc^s,  seems  to  have  made 
the  amount  of  condensation  very  nearly  the  same  for  both 
cases. 

{//)  Tlie  friction  in  the  pipe  would  cause  a  loss  of  pressure 
and  require  work  to  be  done.  If  the  pipe  were  a  non-conductor 
and  the  expansion  adiabatic,  then  there  would  be  no  loss  of  en- 
ergy, but  there  would  be  a  transformation  of  initial  potential 
energy  into  external  and  kinetic.  This  change  of  energy  be- 
tween two  points  could  be  equated  to  a  form  involving  the  co- 
efficient of  friction,  and  its  value  thus  derived.  In  practical 
work  the  adiabatic  condition  is  seldom  or  never  realized,  for 
a  pipe  may  be  covered  ever  so  well  and  still  there  is  a  loss  of 
heat. 

(c)  The  expansion  Avould  cause  change  in  external  latent  en- 
ergy which  is  accounted  for  by  the  steam  table  under  different 
absolute  pressures. 

(d)  The  effect  of  gravity  may  be  considered  as  nil  in  this  series 
of  experiments,  as  the  pipe  w^as  horizontal.  If  the  pipe  were 
inclined  any  perceptible  amount  from  the  horizontal,  the  work 
could  be  computed,  due  to  the  delivery,  and  the  height  through 
which  the  steam  raised  or  fell.  We  shall  consider  only  the 
case  of  a  straight,  horizontal  pipe. 

General  Equations. 

If  P  be  any  pipe  of  uniform  diameter,  d,  and  E^  the  energy  of 
the  steam  entering  a  section,  as  A,  in  one  second,  and  E2  the 
energy  leaving  a  section  B,  at  the  distance  of  Z  feet  from  A,  then 

E,-E,  =  E,^-  E^^  E,  +  Eg    .    .    .    .    (1) 

where  E^  =  dynamic  condensation  energy. 

Ej-  =  friction  energy. 

Eg  =  expansion  energy. 

Eg  =  gravitation  energy. 
Now,  since  in  steam  tables  the  energy  E^  of  the  latent  external 
energy  is  included  in  the  total  energy  of  steam  at  any  pressure, 
it  need  not  be  considered  for  our  present  purpose ;  also  Eg  is 
negligible  because  our  pipe  is  horizontal. 
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Writing  E\  and  E^,  for  the  new  form  of  (1),  we  have  : 

E^~E^  =  E,+  E, (2) 

This  is  an  indeterminate  equation  for  certain  values  of  E^  and 
Ef,  but  if  E,.  can  be  determined  bj  direct  measurement,  or  if  the 
pipe  can  be  so  protected  that  the  condensation  loss  is  negligible, 
the  equation  becomes  determinate.  It  is  also  possible  to  make 
the  velocity  of  steam  so  much  that  the  heat  developed  by  fric- 
tion shall  make  the  loss  by  condensation  zero,  in  which  case 
the  equation  is  also  determinate.  Let  the  total  loss  of  energy- 
be  denoted  bv  E,  then  we  have  that 

Jli  ^^  J-j  \  —  jlS  2  ~~  -^c  ~^     y  •     •     •     *     •         } 

from  which 

E-E,  =  Er (4) 

Various  expressions  for  the  value  of  Ef,  the  loss  by  friction, 
have  been  given  by  various  writers,  and  an  excellent  discussion 
of  the  results  obtained  by  use  of  different  formulae  is  given  in 
Engineering^  March  19,  1897,  by  Mr.  Arthur  J.  Martin. 

It  seemed  desirable,  after  obtaininsf  unsatisfactorv  results 
with  other  formuLe,  to  reduce  all  experimental  results  bv  the 
formula  given  by  Unwin  in  article  "  Hydro-Mechanics,**  page  -±84 
\Encydop(Mia  Britaanica),  which  is  reduced  fi'om  Weisbach. 
In  accordance  with  this  formula  the  fi'ictional  work  is  for  the 
length  of  pipe  Z. 

Ej.=fir-%WL  =  f—-,WZ.     ...     (5) 

•^     ^    2g  d  "     g  d  ^  ^ 

In  which  ^Z*  =  coefficient  of  friction,  r=  velocity  in  feet  per 
second,  c^  =  diameter  in  feet,  Tr=  weight  of  fluid  per  second. 
This  substituted  for  Ej  in  equation  ( 4 1  gives 

E-E,^f^^\vrL (6) 

'     ^     g  d 

The  value  of  E^  was  found  by  experiment  to  average  1.700  foot- 
pounds per  second  for  the  pipe,  protected  as  well  as  possible 
by  covering. 
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The  value  of  /is  dependent  upon  the  velocity  of  the  fluid  in 
the  pipe,  and  is  given  as  follows  by 

Eytelwein  as/=  a  +  -  =  .0056  +  :^I^. 
Weisbach,   f=a+     -^  =  .0036+    ;-^^^'^- 

A  J-  .     ^  AAP  i.        nnn         -009  to  .04 

Arson,  f=  a  +  -=  .000  to  .009  +  , 

in  which  a  and  h  are  constants. 

The  value  of  /*,  the  coefficient  of  friction,  is  also  stated  to 
vary  with  the  diameter.  Unwin  found  that  for  velocities  of  one 
hundred  feet  per  second  it  could  be  expressed  by  the  formula : 

/=^(^+i4) w 

in  which  ^  is  a  coefficient  to  be  found  by  experiment,  and  d  is 
the  diameter  of  the  pipe  in  feet.  The  values  of  a  and  b  found  in 
Arson's  experiments,  indicates  that  the  coefficient  ^  would 
probably  vary  between  one  and  three  per  cent,  for  velocities 
from  between  fifty  and  one  hundred  and  fifty  feet  per  second.* 
This  being  a  small  amount,  it  was  considered  sufficiently 
accurate  to  use  the  expression  in  formula  (7)  for  reducing  all 
the  experimental  results. 

Formula  (6)  may  be  reduced  to  the  form 

F-F,  =  Wh=/~~WZ      ....     (8) 
from  which  the  loss  of  head 

'^=f^V (^) 

Let  j9  equal  loss  of  pressure  in  pounds  per  square  inch,  and  D 
density  of  the  fluid  or  weight  per  cubic  foot,  then  will 

JiD 


^  See  "  Hydro-MecUaijics,"  vol.  xii.,  Encyclopcedia  Britannica. 
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substituting  this  value  in  (9) 

from  this  by  transposition 

Let  w'  equal  flow  in    pounds  of   steam    per    minute,  d'  equal 
diameter  of  the  pipe  in  inches,  then  we  shall  have 

r^_w?       1         4:   _       w'        _    d.Qu)' 
~60  '  D  '  ^fd'~  1571  J) d^  ~  VDl.''' 

substituting  in  (10)  we  have 

^~      Qgd'-^D'Tz^       \     "^  d' )  ~  20.6B3       V  "^  d'  )  Dd"'  ^     ^ 

For  a  two-inch  pipe  the  value  of  p  will  reduce  to  the  follow- 
ing : 

p  =  1,447.2  ~J^; 


from  this  by  transposition 


/r= 


pD 


l,U7.2w''' 


Description  of  Experiment. — In  Fig.  116  is  shown  the  general 
plan  of  the  experimental  pipe  line,  arranged  for  measuring  the 
friction  in  both  the  pipe  and  fittings.  The  steam  enters  at  ?/,  and 
passes  through  the  separator  S^ ;  the  initial  quality  and  pressure 
of  steam  are  obtained  by  the  throttling  calorimeter  (7i  and  the 
gauge  (xi.  The  pressure  and  quality  are  again  measured  at 
Gi  and  Co  just  before  entering  the  separator  *^^,  at  the  end  of 
the  pipe  line.  The  length  of  pipe  from  G^  to  Gi  was  90  feet. 
The  pressure  and  quality  of  steam  were  observed  at  C^  and  G^  just 
before  entering  the  fittings.  The  final  pressure  is  measured  by 
6^4  after  the  steam  has  passed  through  the  fittings  and  is  enter- 
ing the  orifice  0.  It  is  thus  seen  that  the  pressure  and  quality 
of  the  steam  at  each  important  stage  may  be  observed,  and  the 
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velocity  niul  the  weight  of  steam   delivered  at  the  orifice   0, 
computed. 

RESULTS   OF   THE   TEST. 

The  principal  data  and  results  of  the  tests  are  given  in  tabular 
form.     Tlie  log  sheets  are  quite  voluminous,  and  are  not  given. 

The  following  table  gives  the  reduced  data  and  results  of  ex- 
periments witli  covered  pipe  2  inches  in  diameter,  90  feet  in 
length,  and  with  steam  discharging  through  a  J-inch  nozzle : 


PUESSURES. 

Density. 

Weight 
l)er  Second. 

W. 

Velocity 

in  Feet  per 

Second. 

V. 

Value  of 

No. 

Initial. 
A- 

Final. 

J'2- 

Drop. 

Average, 
i  {Px  +  A)- 

Coefficient. 
K. 

1 

2 

3 

4  .... 

106.77 
104.37 
109.1 
107  5 

101.95 

99  3 

104.7 

102.6 

4.82 
5.01 
4.4 
4.9 

104.3 
101.8 
106  9 
105.0 

.23969 
.23420 
.24525 
.24113 

.6231 
.6073 
.6436 
.6259 

122 
119 
120 

118 

.00276 
.00222 
.00180 
.00205 

The  following  table  gives  the  reduced  data  and  results  of  ex- 
periments with  covered  pipe  2  inches  in  diameter,  90  feet  in 
length,  and  with  steam  discharging  through  a  |-inch  nozzle  : 


Pressup.es. 

Density. 
I). 

Weight 

per 
Second. 

ir. 

Velocity  in 

Feet  per 

Second. 

F. 

Value 
of  Co- 
efficient. 
K. 

No. 

Initial. 
A- 

Final. 

^3- 

Drop. 
P. 

Average. 
}4  (A  +  A). 

1 

101.6 

92.8 

8.8 

97.2 

.2242 

.7580 

156 

.00237 

2 

108.87 

100.95 

7.92 

104.91 

.2320 

.8278 

162 

.00221 

3 

108  87 

101 

8.5 

105.25 

.2411 

.7574 

144 

.00246 

4 

99.55 

02 

7.5 

95  37 

.2194 

.7576 

164 

.00108 

5 

98.75 

91.45 

7  3 

95.10 

.2193 

.7387 

155 

.00-202 

6 

103.5 

96.2 

7.3 

90.8 

.2300 

.7860 

156 

.00241 

For  the  first  series  of  experiments  the  highest  value  of  K  is 
.00276;  the  lowest,  .00180;  the  average,  .00221.  The  lowest 
value  is  considerably  less  than  the  others,  and  may  have  been 
due  to  some  error  of  observation  ;  neglecting  this,  the  average 
value  of /r=. 00234. 

The  highest  value  of  Kyu  the  second  series  of  observations  is 
.00237;  lowest,  .00198;  the  average,  .00224.  The  average,  ne- 
glecting the  highest  and  lowest  values,  is  .00228. 

A  series  of  tests  was  made  with  the  pipe  uncovered,  allowing 
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the  steam  to  discharge  through  f ,  |,  and  |-inch  nozzles.  The 
results  of  this  test  were  irregular  and  not  satisfactory,  probably 
because  of  the  fact  that  the  condensation  was  irregular,  and 
large  errors  Avere  caused  in  correcting  for  it.  The  general 
results,  as  compared  with  the  tests  of  the  covered  pipe,  indi- 
cate smaller  values,  doubtless  due  to  an  over-correction  for 
condensation. 

The   following  are  the  results  obtained  in  the  tests  of  the 
uncovered  pipe : 


Dischar2;e  Kozzle. 

|-inch. 

J -inch. 

f-inch. 

April  30,  1897 

April  22,  1897 

Values  of  K. 
.00197 

K. 

.00290 
.00195 

.00174 
.0036* 
.00254 

K. 

.00188 
,00093* 

April  21,  1897 

.00163 

May  11,  1897 

. 00189 

May  19,  1897 

.0027 

Average 

Average  neglecting  values 
marked  with  * ... 

.0018 

.0017 
.00208 

In  these  experiments  the  highest  value  of  K  was  .00360  ;  the 
lowest,  .00093.  The  average,  neglecting  the  extreme  value,  is 
.00298. 

The  experiments  cited  indicate  the  following  value  of  K'. 
First  set,  .00234  ;  second  set,  .00228  ;  third  set,  .00208 ;  average, 
.00223. 

During  the  fall  of  1897  an  exceptional  opportunity  was 
afforded  by  a  boiler  test  at  Oriskany,  N.  Y.,  of  determining  the 
coefficient  of  friction  of  steam.  Three  Sterling  boilers  of  175 
horse-power  each  discharged  the  total  evaporation  through  a 
3-inch  pipe  95  feet  long,  provided  at  its  extremity  with  a  nozzle 
2.32  inches  in  diameter  during  a  boiler  test  extending  over  12 
hours  of  time.  The  measurement  of  the  water  supplied  the  boiler 
during  the  test  checks  with  the  calculation  of  the  steam  dis- 
charged by  the  nozzle  within  less  than  1  per  cent.  The  value 
of  K,  as  found  from  this  test,  was  .0026.  The  data  of  the  test 
were  as  follows  :  The  gauge  pressure  at  initial  end  of  the  pipe, 
66  pounds ;  at  discharge  orifice,  41  pounds ;  drop  in  pressure, 
25  pounds;  mean  absolute  pressure,  78.2;  velocity,  960  feet. 
Steam  entering  pipe  was  throttled  from  100  pounds  and  slightly 
superheated. 
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I'loiu  of  Steam  in  Eihows  and    Valves. 

Dimensions  90-  Dajrec  Elhoivs. — We  will  first  call  attention  to 
a  few  measurements  made  on  elbows,   globe  and  gate  valves. 
The  following  table  for  elbows  shows  that  the   makers  have 
F[(j.  117.  Fig.  118.  Fig.  119. 


Carpenter 


made  the  mean  radius  A  (Fig.  117)  of  the  elbow,  approximately- 
equal  to  the  threaded  opening  B.  That  is,  the  turn  is  made  as 
short  as  possible,  thus  producing  a  most  compact  elbow. 

Ninety-Degree  Elb">ws. 


Actual  Dimensions. 

hB 

Nominal  Size. 

A 

B 

c 

A 

3 

2i 

24 

n 

.50 

2i 

21 

n 

21 

.50 

3 

^k 

3i 

3i 

.50 

4 

4i 

44 

41 

.50 

4+ 

4 

4| 

5 

.59 

G 

0 

6^ 

Cf 

.54 

Dimensions  Globe  Valves. — The  general  form  of  the  valve  shell 
is  shown  in  Fig.  119,  and  the  dimensions  of  a  few  valves  are 
given  in  the  following  tables.  It  was  found  that  the  maximum 
opening  C  (see  Fig.  119)  in  the  clear  for  a  bevelled  seat  valve 
is  not  so  great  as  for  a  disk  valve.  The  dotted  line  repre- 
sents the  valve  face  when  at  its  maximum  opening. 

Bevelled  Seat  Globe  Valves. 


Approximate  Dimensions. 

Nominal 

Size. 

A 

B 

c 

D 

H 

n 

li 

A 

3. 

a. 

2 

2i 

3 

3 
6 

\t 

2| 

2^ 

2| 

H 

1 
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It  is  a  matter  of  interest  to  note  that  the  opening  B  and  the 
nominal  size  are  the  same  in  inches. 

A  few  dimensions  for  the  disk-seat  Jenkins  valve  are  given  in 
the  next  table,  the  shell  of  which  is  similar  to  that  of  Fig.  119. 


Jenkins  Disk-Seat  Globe  Valve. 


Approximate 

Dimensions. 

Nominal 

Size. 

A 

B 

C 

I) 

li 

U 

li- 

3 

4 

3 
4 

3 

21 

2 

if 

.1  a 

16 

Gate  Valves, — It  will  be  noted  by  the  following  table  for  gate 
valves  that  the  opening  A  (see  Fig.  118)  is  equal  to  the  nominal 
size  of  the  valve.  These  nominal  sizes,  it  must  be  understood, 
refer  to  nominal  sizes  of  pipes  for  which  the  fittings  are  adapted. 


Gate  Valves.     Kennedy  Type. 


Approximate 

Dimensions. 

Nominal 

Size. 

A 

B 

C 

D 

1 

1 

u 

•L 

8 

n 

n 

\k 

If 

1 

2 

2 

2 

2i 

H 

2^ 

2i 

2 

2f 

2i 

3r 

Method  of  Testing  Friction  in  Elbows  and  Valves. — The  method 
of  testing  involved  simply  the  measurement  of  drop  of  pressure. 
The  two  important  stages  for  present  consideration  are,  first,  the 
flow  of  the  steam  from  G^  to  G2  (Fig.  110) ;  and,  second,  the  flow 
from  6^3  to  G^.  The  first  stage  involves — for  known  conditions  of 
flow — the  drop  of  steam  pressure  in  a  pipe  line  of  known  length  ; 
the  second  stage  involves  the  drop  in  the  elbows  or  valves 
placed  in  sequence.  In  Fig.  11 G  the  elbows  E  U  are  shown  in 
position  ;  the  dark  lines  represent  the  short  nipples  used  to  con- 
nect the  fittings.  The  nipples  were  so  short  that  the  drop  of 
pressure  in  them  was  negligible.  The  velocity  of  the  steam 
was  varied  from  fifty  to  one  hundred  and  twenty-five  feet  per 
second  by  different  diameters  of  orifice  0.  As  many  as  sixteen 
valves  or  elbows  were  placed  in  series,  and  the  various  drops  in 
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pressure  wore  measured  for  the  different  velocities  ;  then  the 
number  of  vjilves  or  elbows  was  decreased,  and  the  measure- 
ment of  drop  repeated.  From  the  data  so  found  the  drop  in  one 
valve  or  elbow  for  different  velocities  was  computed.  '1  he 
^lobe  valves  were  of  the  slightly  bevelled  type  ;  the  gate  valves 
were  of  the  Kennedy  pattern,  and  the  elbows  were  confined  to 
the  ninety-degree  type. 

Simultaneously  with  the  readings  for  tlie  valves  and  elbows, 
readings  were  taken  for  the  pipe  line,  and  thus  comparison  was 
made  directly.  The  weight  through  the  fittings  is  less  than  the 
weight  through  the  line,  by  the  amount  taken  out  by  the  sepa- 
rator S-2,  and  the  average  density  was  also  less. 

The  formuhie  adopted  for  purposes  of  comparison  are  those 
given  by  Weisbach  (1 ),  as  follows  : 

Eor  loss  of  head  JJ^  in  feet  for  pipes, 

and  for  loss  of  II^.  in  feet  for  elbows, 

'''=f'i; (2) 

"We  will  assume  that  (2)  applies  also  to  valves,  and  from  the 
data  we  find : 

/,  (for  90°  elbows)  =  5.6. 
fg  (for  globe  valves)  =  8.2. 
y^  (for  gate  valves)     =  .005. 

This  indicates  that  the  drop  through  a  gate  valve  is  practically 
negligible  for  most  case^. 

Equating  (1)  and  (2),  an  expression  for  the  equivalent  length 
of  one  elbow  or  one  valve  in  feet  of  pipe  of  the  same  diameter 
is  obtained. 


K  4.      \        d'  J      ,  „  /,      3.6 


where  d'  and  L'  are  both  in  inches. 
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By  substitution  of  the  proper  values  of  K  and  f^,  it  is  found 
that  the  length  of  pipe  in  inches  equivalent  to  one  elbow  is 

Z'  =  520tZ'  -d  ■\-  ^'^ 


d' 


and  to  one  slobe  valve 


L'  =  706d'  -  ("l  +  ^ 

The  values  given  in  "  Steam,"  Babcock  &  Wilcox,  page  89,  by 
the  late   George  H.  Babcock,  are  as  follows  :  for  one  globe  valve 

Z'  =  UM'  -  (l  +  |f 
for  one  elbow  L'  =  ^  that  of  a  globe  valve,  or 

It  will  be  seen  that  the  experiments  give  values  which  are 
about  seven  times  as  great  as  those  given  in  "  Steam." 

An  opportunit}'  for  checking  the  results  of  the  test  quoted  on 
flow  of  steam  in  pipes  was  afforded  by  an  experiment  made  by 
Green  and  Stratford  for  the  purpose  of  obtaining  drops  in  pres- 
sure through  certain  steam-pipe  line  with  steam  flowing  at  dif- 
ferent velocities,  and  is  described  in  the  thesis  which  they 
presented  for  graduation  in  ISQo."^  In  this  case  there  were  25 
feet  of  8-inch  pipe  leading  from  boiler  room  to  engine  room 
thence  192  feet  of  3-inch  covered  pipe  leading  from  the  engine- 
room  to  the  mechanical  laboratory  of  Sibley  College  ;  thence 
112  feet  of  2.V-inch  'covered  pipe  leading  to  the  new  Sibley 
building;  thence  115  feet  of  2-inch  bare  23ipe,  at  the  end  of 
which  there  was  the  orifice  of  discharge.  There  were  twelve 
90-degree  elbows  in  the  2^-inch  jDipe,  and  the  same  in  the  2-inch 
pipe,  for  which  allowance  is  made  in  accordance  with  the  fric- 
tion found  for  the  test  described.  This  allowance  amounts 
to  80  feet  of  2J-inch  pipe,  and  60  feet  of  2-inch  pipe.  The 
following  table  gives  the  data  from  Green  and  Stratford's  experi- 
ments— the  calculated  drop  of  pressure  in  the  2-inch  pipe  and 


*  See  Library  of  Cornell  University. 
23 
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that  value  of  the  coefficient  7l^  required  to  give  results  agreeing 
with  the  experiment. 

The  average  value  of  the  coefficient  for  these  experiments  is 
K  =  .00220. 


PKESSUKKS. 

W<'ij,'ht 
Discliarfied 
per  Second. 

W. 

Velocity 
Feet  per 
Second. 

V. 

Drop  in 
2- inch 
Pipe. 

Lbs. 

Density 

Weight  per 

Cubic  Foot. 

D. 

No.* 

Mechan. 
Labor. 

At 
Orifice. 

Drop  in 
PrcBsure. 

K. 

1 

42.57 

42.10 

0.47 

.1179 

53 

.36 

.1018 

.00374 

2 

5:155 

52.70 

0.85 

.  1475 

54 

.65 

.1267 

.00142 

5 

82.2a 

81.00 

1.20 

.2268 

57 

.94 

.1900 

.00130 

6 

91.86 

89.90 

1.96 

.2517 

57 

1.52 

.2085 

.00186 

7 

103.64 

101.20 

2.44 

.2833 

57 

1.88 

.2346 

.00206 

8 

111.00 

109.10 

2.00 

.3000 

57 

1.54 

.2520 

.00112 

9 

121.70 

117.70 

4.00 

.3295 

58 

3.07 

.2713 

.00288 

10 

131.30 

127.20 

4.10 

.3560 

58 

3.15 

.2930 

11 

87.79 

44.91 

41.88 

.8000 

345 

33.50 

12 

86.87 

55.35 

31.52 

.7514 

267 

25.21 

13 

88.74 

76.91 

11.83 

.5050 

132 

9.06 

Average. 

.00220 

*  Numbered  as  in  thesi.s  of  Green  and  Stratford. 


The  values  of  the  coefficient  obtained  in  these  experiments  do 
not  differ  materially  from  those  obtained  by  the  experiments 
cited  in  vol.  xii.,  E))cyclo2')cedia  Britaiinica,  article  "Hydro- 
Mechanics."  Professor  Unwin  gives  formulae  for  the  coefficient 
of  friction  for  flow  of  water  through  pipes,  as  follows  :  f  —  .005 
(1  +  ^\  and  for  a  slightly  incrusted  pipe,  ^f  =  .01  (1  +  j^J. 
For  the  flow  of  ah\  by  experiments  at  St.  Gothard  tunnel : 


/=.0028(l  + A^forair. 


By  experiments  by  M.  Arson  on  pipes  which  were  probably 
rougher, 


for  air. 


/=  0.005    1  + 


lO^y 


The  experiments  at  Sibley  College,  which  have  been  cited, 
indicate  a  value  of  the  coefficient  of  friction  for  steam  flowing  in 
pipes,  as  follows  : 

/=  .00223  ^1  +  j|^)  for  steam. 


4 


that  value  of  the  coefficient  7i' required  to  give  resul 
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TABLE    I— FLOW    OF    STEAM    IN    PIPES. 
Calcclated  by  E.  C.  Sickles,  M.E. 


Length  op  Pipe,  One  Thousand  Feet. 


DlSCDABOE 

N  Po0Nn8  PP.R  MiNDTE. 

DllOP  IN  PitBBSUBB  IN 

P'ttjNDs  PER  Square  Incu. 

Corrc^Iiondlng  I 

oDro] 

In  PrcBeare  oi 

liight,  for  Pipe  Diameters  in  inches  in  Top  Line. 

Correspondin 

'  to  Dlscliarge 

n  Left ;  Densities  and  CorrespoiiJing  Resolute  Pressures  per  Square  Inch  lu  First  Two  Lines. 

Dkmctor . , , 

24" 

IS" 

80"      IS"       16" 

16" 

14" 

18" 

IS" 

11" 

•    10" 

0" 

8" 

7" 

6" 

5" 

31" 

3" 

SI" 

2"       14"   1" 

Density .. . 
Pressure... 

.808 
80 

.816 
98 

'  96 

.830 
100 

'104 

,848 
108 

.256 
112 

.865 

.873 
180 

.384 
185 

.205 
130 

136 

.316 
140 

.387 

.338 
150 

.369 
100 

.380 

.401 
180 

.422     .443      .4I14 
190       200       210 

\~s\' 

DlHchargo., 

H.IK«I 

11, IKS 

N.--J     1.  (IVM      I.ICI 

l.ii;: 

:!.tHl 

^..Kri 

i'.;i-js" 

SM 

1,448 

1.0113 

7011 

.',60 

371 

827 

123 

71. '~ 

■iTiT 

IS.l      li.rtl  a.."ia  Drop 

18  io~ 

17^5 

16  9 

111.  4 

16.8 

15.2 

14.7 

14.2 

13.8 

13.3 

18.8 

IJ  30 

iTo 

lTT~ 

11.1 

10.6 

ir9i~ 

9.89 

3.02     8.60     H.ll 

[..s; 

]■?"'" 

"!  ■'!  ■' 

■',"''■ 

'■" 

1.341 
1.13- 

Wr 

mi 

481 

118 

1(14 

1'.'  '■ 

",'! '! 

i  1 

ir,'M 

I6!l 
18.8 

14!6 
12.4 

n'.o 

13.6 
11.6 

ii!a 

io:« 

io!4 

loii 

9!74 

9.'38 

"'I'm 

10.3 
8.76 

o.'os 

8.46 

8J8 

9.04 

8!64 
7.88 

8.00 
(l.OO 

7.60 
6.65 

6.84     5.9(1 

'';■-'''   ''  [-  ii''™ 

m 

1.134 

8118 

in* 

ii!i 

10.7 

10.4 

9.21 

9.02 

8.71 

8.46 

8.13 

7.31 

7.06 

6,83 

0.'43 

0,08 

6.70 

6.47 

5.81     4.97 

1'  :i:  1' .;  ii':38 

1.0.11 

8.94 

8.00 

8.36 

8.05 

7.76 

7.52 

7.80 

7.5 

0.78 

6.02 

6.00 

6,88 

5,69 

1.80 

4.66 

4.84     4,15 

:l  '• tl.M 

070 

7ia 

613 

858 

154 

6.90 

6.54 

6.87 

5.48 

5.30 

5,13 

4!88 

4!66 

4.32 

4.11 

oat 

361 

146 

0.87 

6.08 

5.87 

6.'70 

5!  18 

5.87 

4.98 

4.76 

4.60 

4.83 

4.00 

8.68 

8.09 

3'.M      V'i!-, 

jso 

8711 

004 

485 

236 

138 

5..59 

5.48 

6.84 

5.08 

4.88 

4.70 

1  .VI 

4.30 

4.84 

4.10 

3.86 

8.66 

3.46 

8.89 

1,050 

ma 

0!K 

■157 

881 

818 

130 

4,90 

4.80 

4.64 

4.50 

1.33 

4.17 

3.80 

3.76 

8.04 

3.42 

3.88 

8.07 

2.91 

(m 

008 

873 

488 

801 

128 

4,35 

4.88 

4.07 

3.95 

8.80 

3.06 

.1,53 

3.48 

3.30 

3.19 

3.01 

8.84 

8.69 

8.60 

.» 

l»7 

S2 

347 

400 

881 

180 

113 

3.97 

8.65 

3.44 

3.31 

3.19 

8.98 

8.87 

8.78 

2.09 

3.47 

8.34 

8.23 

2 ;,._.    .; ,;: 

n 

800 

608 

371 

861 

r,8 

3,87' 

8.17 

8.97 

8.80 

2.76 

8.4s 

8.40 

8.86 

2.18 

8.08 

1.92 

.11 

704 

610 

313 

i)l32 

3!21 

8,78 

2.70 

a!6i 

8.63 

8.43 

8.34 

8.19 

2.04 

1.98 

1.82 

.72 

I.IM 

.« 

»ir, 

7S8 

667 

430 

314 

881 

140 

89.1 

a.!9 

8.60 

i'.m 

8:43 

2,34 

2.27 

8.19 

2.13 

8.01 

1.97 

1.78 

1.68 

.53 

.46 

.88 

n.iHHi 

1.(125 

(KB 

616 

800 

886 

800 

1,38 

81.0 

■     'i       :  ~  ■  ■     ■                  -.... 

8..31 

2.88 

8,16 

1.88 

1.81 

1.70 

1.69 

1.63 

l!53 

1.42 

1.34 

.86 

.80 

14 

P 

DOO 

404 

861 

1.87 

1.81 

1,75 

lioo 

l!03 

i.'sr 

1.68 

1.47 

1.42 

1.37 

1.82 

1.23 

l!l9 

1.16 

1.08 

.02 

.970 

.\iW 

8» 

580 

418 

8ia 

888 

1.3S 

1,38 

1.28 

1.23 

1.19 

1.15 

1.18 

1.08 

.068 

.9,35 

.005 

.868 

.806 

.768 

.781 

M7( 

40S 

SOI 

S74 

1.06 

1,08 

,983 

.948 

.018 

.887 

.801 

.888 

.■797 

.719 

.11116 

.019 

.686 

.6.57 

!53i     m: 

aor 

30!l 

im 

171 

180 

.7.52 

,723 

.676 

.633 

.609 

.586 

:647 

.688 

.611 

i481 

.431 

410 

390       373 

oai 

4ii; 

881 

S6S 

1116 

143 

.541 

.480 

.602 

1484 

.469 

1453 

.440 

.489 

.407 

..1»2 

.380 

-.367 

365 

!316 

.899 

884 

.271      .850 

.'M7  1  /.i't.                '1" 

S'JO 

4117 

480 

S65 

so.a 

.840 

.3M 

.381 

.300 

.800 

.881 

,870       ,260 

.8)3 

.236 

.887 

i8l4 

.8(12 

.191 

!l73      !lK5 

■irii 

an 

8W 

ins 

165 

85.7 

60.8 

.195 

.188 

.181 

.174 

.160 

!l63 

.168 

.158       .147 

.137 

.138 

.128 

.180 

.114 

M 

IMI) 

805 

100 

US 

108 

78.1 

.086 

.0835 

.0803 

.0774 

.0751 

.0986 

.0703 

.0676     .0661 

.01127     .06081 

.0687 

.0668 

.0636 

MTU    .0466 

;i'i.s(iili  id'i: '   "■". 

.001191  .Ol^tl     '■' 

- 

Ql:. 

'Mil    luo     ];u 

ISS 

184 

103 

83.2 

os.o 

61.0 

30.0 

88.6 

i^ 

18.3 

8.10 

4,41 

3.08 

^ 

^ 

"■"'i"'T"il  ■■  ■■  ■■■ 

.0831 

!0883 

.0816 

.0809 

.0801 

.0194 

.0188 

.0182 

.0110 

.0169      .0103 

.111.57      .0168| 

.0147      .0148 

.0184 

0180 

.0180    .0144    .0108    .01(M 
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that  value  of  the  coefficient  K  required  to  give  results  agreeing 
witli  tlj 
The  J 
K  =  .01 


No.* 

M( 

L 

1 

, 

2 

5 

6 

< 

7 

1< 

8 

1 

9 

1 

10 

1 

11 

12 

13 

n 


The 
not  dii 
cited    : 
Mecha 
of  frict 

(1  +  t1, 
For  th 


By  ex 
roughc 


The 
indical 
pipes, 


3  \ 


/=  .00223  (^1  +  j^)  for  steam 
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The  experiments  at  Oriskany  indicated  the  coefficient  of  fric- 
tion : 

/=  .0026  fl  +  ^^.\  for  steam. 
The  tables  were  calculated  for  a  coefficient  of  friction, 
/=  .0027  fl  +  jI^")  for  steam. 

In  the  last  five  formulae,  d,  the  diameter,  is  to  be  taken  in  feet. 

The  complete  expression  for  loss  of  head  in  pounds,  jj,  is 
obtained  by  substituting  the  value  0.0127  for  A"  in  equation  (11), 
in  which  case 

p  =  0.000131  (l  +  ^'^^  "-"'^ 


d'  J  Dd'^' 
in  which  d'  —  diameter  in  inches,  L  —  length  in  feet,  D  —  density. 

Exjplanation  of  Tables. 

The  first  table  given  is  based  upon  formula  11,  and  is  arranged 
in  the  form  suggested  by  Martin  in  his  paper  on  "  The  Flow  of 
Gases,"  previously  referred  to.  The  table  is  computed  by  taking 
the  value  of  K  equal  to  .0027,  which,  although  15  per  cent, 
higher  than  the  average  obtained  in  the  experiments  cited, 
seems  to  have  been  about  the  probable  value  in  at  least  one 
case  examined.  For  practical  conditions  it  is  rather  better  to 
have  an  allowance  in  the  pipes,  for  an  excess  of  friction,  than  to 
have  the  reverse  condition  true.  The  results  in  the  table  are 
calculated  for  pipes  1,000  feet  long,  and  having  a  coefficient  of 
friction  as  given  above. 

The  left-hand  half  of  Table  I.  gives  the  discharge  in  pounds 
per  minute  for  pipes  of  various  diameters  corresponding  to 
drop  of  pressure  as  given  on  the  right-hand  side  in  the  same 
horizontal  line  ;  e.g.,  a  24-inch  pipe  discharges  14,000  pounds  per 
minute,  a  22-inch  pipe  under  exactly  similar  conditions  will  dis- 
charge 11,188  pounds,  and  a  6  inch  pipe  370  pounds  for  a  drop 
in  pressure  as  in  same  horizontal  line  on  right-hand  side,  for 
instance,  with  a  drop  of  16.4  pounds  at  101  pounds  pressure  ; 
so  the  discharges  may  be  found  for  any  other  given  diameter  by 
following  the  same  horizontal  line. 
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Ill  ilio  rij^lii-liiiiiil  })()ciy  of  tlui  tjihhi  arc  ^ivon  the  drops  in 
})ressuro  corrospoiidin^  to  tlio  discluirgos  in  tho  same  horizontal 
lino.  Tliosn  drops  of  pressure  are  computed  for  a  constant 
length  of  1,()()()  feet,  and  for  the  densities  and  corresponding 
absolute  pressures  as  given  in  first  two  lines  above. 

In  using  the  table  the  absolute  pressures  should  be  taken  as 
the  mean  of  the  initial  and  final  pressures  in  computing  the  car- 
rying capacity ;  t\(j.,  if  the  initial  pressure  of  the  steam  entering 
tlie  pipe  is  108.2  pounds  absolute,  and  the  final  pressure  upon 
leaving  the  pipe  is  91.8  pounds,  the  mean  absolute  pressure  is 
100  pounds,  and  the  total  loss  in  pressure  is  16.4  pounds. 

It  may  be  determined  from  the  table,  for  instance,  that  a 
6-inch  pipe,  1,000  feet  in  length,  with  a  drop  of  pressure  of  16.4 
pounds,  and  average  absolute  pressure  of  100  pounds,  will  de- 
liver 371  pounds  per  minute ;  and  similarly  a  7-inch  pipe  will 
deliver  560  pounds ;  a  22-inch  pipe  11,188  pounds,  and  a  24-inch 
pipe  14,000  pounds,  and  similarly  for  any  other  diameter  in  the 
same  horizontal  line. 

If  the  discharge  for  any  diameter  of  pipe  be  taken  from  the 
left-hand  side  of  the  table,  its  corresponding  drop  for  any  mean 
absolute  pressure  may  be  found  in  the  right-hand  side  of  the 
table  in  the  same  horizontal  line.  !From  formula  11  for  a  given 
flow  of  steam  and  diameter  of  j)ipe  the  drop  in  pressure  is  pro- 
portional to  the  length,  and  if  discharge  values  for  other  lengths 
of  pipe  are  required  they  may  be  obtained  by  proportion.  For 
example,  to  find  the  weight  discharged  per  minute  in  a  6- inch 
pipe  200  feet  in  length,  and  having  an  absolute  mean  pressure 
in  pipe  of  125  pounds,  and  a  drop  in  pressure  of  2  pounds.  For 
this  case  the  tabular  flow  w^ould  corres2:)ond  to  a  drop  five  times 
that  given,  or  10  pounds.  Looking  under  steam  pressure  of 
125  pounds,  for  drop  of  10  pounds,  we  find  it  is  to  be  inter- 
polated between  9.74  and  11.40.  The  corresponding  discharge  in 
the  same  horizontal  line  under  6  inches  is  318  +  10  =  328  pounds. 
For  a  length  of  120  feet,  with  gauge  pressure  90  and  mean  absolute 
pressure  104,  drop  1  pound,  w^e  should  have  drop  to  correspond 
with  table,  Yg^/  =  8.33  pounds.  Looking  under  104  pounds  pres- 
sure for  8.33,  we  find  it  must  be  interpolated*  between  8.05  and 
9.66.    The  discharge  is  265  +  ^(rr  '  27  =  265  +  4.7  =  270,  nearly. 

*  This  interpolation,  though  sufficiently  accurate  for  practical  purpoises,  is 
not  exact,  as  the  discharge  varies  with  the  square  root  of  the  drop  in  pressure. 
The  discharge  should  be  greater  for  this  case. 
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lu  the  table  given  in  "Steam,"  by  Babcock  &  Wilcox,  tlie 
discharge  for  this  condition  is  given  as  281  pounds  per  minute. 

Tables  II.  and  III. — These  tables,  it  is  thought,  will  prove  more 
convenient  for  use  than  Table  I.;  they  are  based  upon  the  same 
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formula,  and  are  deduced  by  making  every  factor  constant 
except  the  diameter,  length  of  pipe,  and  discharge.  The  left 
hand  vertical  column  of  the  table  contains  the  diameters  id)  of 
the  pipes,  and  the  top  horizontal  column  the  length  (Z)  in  feet, 
while  the  body  of  the  table  gives  values  of  ( W)  the  pounds  dis- 
charged per  minute. 
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Thus,  for  instance,  a  lO-incli  pi])o  50  foot  long  will  deliver 
1,592  pounds  of  steam  per  minute  with  a  drop  of  one  pound  in 
pressure,  if  there  exists  an  aveiage  absolute  pressure  of  100 
pounds  ;  or,  if  all  other  conditions  hold  except  the  length  of 
pipe,  which  varies,  it  may  be  seen  that  for  100  feet  the  dis- 
charge is  1,126  pounds,  for  175  feet  851  pounds,  and  so  for  any 
number  of  feet  given  in  the  table. 

If  any  intermediate  length  of  pipe  is  used  other  than  those 
given  in  the  tables,  the  discharges  given  by  the  tables  may  be 
corrected  by  consideration  of  the  fact  that  the  weight  of  dis- 
charge is  inversely  proportional  to  the  square  root  of  the 
length  of  the  pipe. 

To  meet  the  conditions  where  other  average  absolute  pres- 
sures than  100  pounds  exist,  and  higher  drops  than  one  pound 
are  assumed,  it  is  only  necessary  to  use  suitable  factors  which 
are  calculated  by  means  of  the  fundamental  formula,  and  graph- 
ically represented  by  Curves  1  and  2. 

As  an  illustration  of  the  use  of  the  tables  and  curves,  suppose 
it  is  desired  to  find  what  size  pipe  will  be  required  to  deliver 
1,000  pounds  of  steam  per  minute  a  distance  of  1,000  feet,  the 
initial  pressure  of  the  steam  being  157.5  pounds,  and  the  final 
152.5  pounds  by  gauge.  Solution  — It  will  be  best  to  reduce  all 
conditions  to  those  of  the  tables  and  find  the  discharge,  and 
from  this  the  size  of  the  required  pipe.  Looking  at  Curve  2,  we 
find  the  factor  of  discharge  for  a  5-pound  drop  is  about  2.23 
times  that  for  a  1-pound  drop.  Therefore,  dividing  the  required 
discharge  of  1,000  pounds  by  2.23,  we  have  about  450  pounds 
discharge  for  a  1-pound  drop. 

Again,  the  average  pressure  is  155  -f  15,  or  170  pounds  abso- 
lute, and  from  Curve  1  it  may  be  found  the  factor  of  discharge  is 
1.248  greater  than  for  100  pounds  absolute.  Therefore,  dividing 
450  pounds  by  1.284  we  have  350  pounds  on  the  basis  of  the  con- 
ditions given  by  the  tables  ;  and  looking  under  1,000  feet  lengths 
for  the  discharge  nearest  to  350  pounds,  we  find  a  10-inch  pipe 
discharges  356  pounds  per  minute ;  therefore,  it  would  be  satis- 
factory. 
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DISCUSSION. 

Mr.  Wm.  Kent. — The  autlior  gives  on  page  346  the  well-known 
formula  for  drop  of  pressure  : 

'^     g  d 

f  being  supposed  to  be  the  coefficient  of  friction.     Whether  that 
coefficient  of  friction  is  variable  or  constant  is  a  question. 

On  top  of  page  346  he  gives  Eytelwein's,  Weisbach's,  and 
Arson's  ideas,  saying  that  the  coefficient  of  friction  depends 
on  the  velocity  of  the  fluid  ;  then  a  little  lower  down  that  Unwin 
finds  it  A^aries  with  the  diameter,  and  for  one  velocity  only  he 
finds  that  it  equals 


So  we  may  say  the  coefficient  of  friction,  according  to  various 
authorities,  varies  according  to  laws  upon  which  they  do  not 
agree.  It  may  vary  as  some  constant  a  and  some  other  constant 
h  divided  by  the  velocity  or  by  the  square  root  of  the  velocity. 
So  we  see  that  the  value  of/ is  an  exceedingly  uncertain  sort  of 
thing.  All  old  authorities — Weisbach,  Arson,  Eytelwein,  Unwin, 
and  others — have  reasoned  from  a  great  variety  of  data,  and  Pro- 
fessor Carpenter  adopted  Unwin's  results  without  investigation, 
as  Eytelwein,  Weisbach,  and  Arson  said  their  discrepancies 
were  or  are  due  to  errors  of  observation,  but  assumes  that  K 
should  be  a  constant,  and  takes  an  average  of  the  several 
values ;  and  then,  after  some  other  assumptions,  he  arrives 
at  the  value  of  fhj  using  Unwin's  formula,  and  putting  instead 
of  K  a  constant  value  .0027.  He  then  constructs  this  very 
long  table,  and  asks  us  to  accept  it  as  a  good  table  for  the  flow 
of  steam. 

Professor  Jacolms. — Some  extensive  investigations  relating 
to  the  flow  of  steam  in  pipes  was  made  by  M.  Ledoux,  and  pub- 
lished in  A?inales  Des  3Iines,  vol.  ii.,  1892.  A  translation  was 
printed  in  the  Stevens'  Indicator.      I  should  like  the  privilege  of 
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comparing  the  tables  given  l)y  Professor  Carpenter  with  the 
results  of  the  Ledoux  formula,  and  of  adding  the  same  to  the 
discussion. 

Professor  Carpenter.^ — At  the  request  of  Professor  Jacobus 
made  by  letter  since  the  annual  meeting  the  writer  has  carefully 
'examined  the  paper  by  M.  Jvedoux  to  which  he  refers,  and  sub- 
mits a  comparison  of  the  formula  deduced  by  Ledoux  and  also 
gives  a  synopsis  of  the  important  data. 

The  general  formula  for  flow  of  steam  adopted  by  Ledoux  is 
essentially  of  the  same  nature  as  that  stated  in  the  paper,  except 
that  Ledoux  assumes  the  coefficient  of  friction,/,  as  constant  for 
all  diameters  of  pipes  and  velocities  of  the  flowing  steam.  He 
gives  in  the  same  paper  the  results  of  a  series  of  experiments 
on  the  flow  of  compressed  air  in  pipes,  and  for  this  case  he  also 
uses  a  formula  of  the  same  general  nature.  The  method  of 
performing  experiments  was  similar  to  that  described  in  the 
paper,  inasmuch  as  he  determined  the  amount  of  steam  sup- 
plied, the  amount  discharged,  and  the  condensation  and  loss 
of  pressure,  and  from  these  data  computed  the  coefficient  of 
friction. 

Ledoux's  experiments  were  made  on  a  larger  scale  than  those 
described  in  the  paper,  and,  consequently,  his  results  are  of  great 
value.  The  experiments,  referred  to  in  the  paper  by  the  author, 
were  made  on  pipes  respectively  1-inch,  IJ-inch,  2-inch,  and  3- 
inch,  and  with  lengths  varying  from  90  to  250  feet.  Those  made 
by. Ledoux  were  on  pipes  from  47  millimetres  (1.85  inches),  71 
millimetres  (2.79  inches),  75  millimetres  (2.95  inches),  and  100 
millimetres  (3.91:  inches)  in  diameter,  and  with  lengths  varying 
from  about  100  metres  (328  feet)  to  330  metres  (1,082  feet).  He 
also  quotes  an  experiment  made  by  Gutermuth  on  a  pipe  140 
millimetres  (5.51  inches)  in  diameter.  He  made  an  extensive 
series  of  observations  on  the  amount  of  condensation,  and  cor- 
rected for  the  same  in  his  results,  although  he  concludes  that  the 
correction  for  condensation  is  less  than  the  unavoidable  errors 
of  observation.  It  wall  be  noticed  that  the  coefficients  of  friction 
deduced  from  his  observations  vary  within  wide  limits,  and  that 
the  errors  of  observations  must  have  been,  in  many  cases,  of 
considerable  magnitude. 

Instead  of  using  the  value  of  the  density  of  steam  or  its  weight 

*  Author's  closure  under  the  Rules. 
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per  unit  of  volume,  as  in  the  formulae  given  by  the  writer,  he 
takes  for  the  value  of  the  density  of  steam 

B  =  0.600  J)  ^''^  when  p  is  expressed  in  atmospheres. 
D  z=z  0.5SS  p^-^^  when  ^  is  in  kilograms  per  square  centi- 
metre. 
By  referring  to  a  steam  table  it  will  be  found  that 

J)  =z  0.003  p  ^'•^'  when  p  is  expressed  in  pounds  per  square 
inch. 
Thus  when 
p=z^O;  p  .9^  =  0.00292.  p=100;  p  -''  =  0.00294. 

^  =  80  ;  ^9  •''  =  0.00293.  p  =  150  ;  p  •''  =  0.0033. 

Ledoux  gives  as  a  general  value  for  the  coefficient  of  friction 

ipo'-'' -  p,'-'')d' 


0.000535iymo  (wo  -  0.000436J^2:)*    .     .     (14^) 

in  which  p  —  pressures  in  atmospheres,  initials  p,  final  p^  / 
d  =  diameter  in  metres,  L,  length  in  metres ;  iiIq  =  weight  per 
second  supplied  in  kilograms  ;  J  =  weight  of  condensation  per 
square  metre  per  hour,  so  that  0.000436  jdL  is  a  correction 
for  condensation.  Allowing  a  numerical  value  for  condensation, 
Ledoux  deduces  the  following  value  for  the  diameter  : 


yo.ooi 


,  ,  „. 000502 fwo'Z 
d 


94  ^.  1.94 

—  Ih 


The  mean  value  of  f  from  his  experiments  was  0.0011,  which 
substituted  in  the  above  gives  the  following  values : 


d  = 


\' 


^O.OOUOOOo52?//o-.L 


^  =  0.056  ^/-T9r^-T94. (15x) 


the  latter  being  the  one  which  Ledoux  gives  as  the  most  proba- 
ble value  of  the  diameter  from  his  experiments,  and  is  the  one 
which  he  advises  to  be  used  for  all  practical  purposes. 

As  an  example,  suppose  that  in  a  pipe  300  metrrs  in  length  1 
kilogram  per  second  is  supplied  when  initial   pressure   is  10 
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atmospheres,  jiiid  final  pressures  9.5  atmos2)lieres,  to  find  the  diam- 
eter of  the  pipe.      Substituting  these  values  in  (15/J,  we  have 

d  =  0.05G  yj-o^^&c^.  ■=  o.r>r>  Y^jJ^JfKs 

:^  0.115  metre  (4.39  inches). 

In  a  similar  manner  for  a  flow  of  4  kilograms  per  second  r? 
equals  0.2  metre  <7.87  inches),  and  for  a  flow  of  10  kilograms 
per  second  (1,320  pounds  per  minute)  the  diameter  equals  0.288 
metre  (11.33  inches). 

Taking  the  results  from  the  table  given  by  the  author  for  the 
same  conditions,  we  have  initial  pressure  10  atmospheres  equals 
147  pounds,  final  pressure  9.5  atmospheres  equals  1 39. 6o  pounds, 
mean  pressure  144.4  j^^unds,  drop  in  pressure  7.35  pounds. 
The  flow  of  1  kilogram  per  second  equals  \']2  pounds  per 
minute,  of  4  kilograms  per  second  equals  528  pounds  per  minute  ; 
10  kilograms  per  second  equals  1,320  pounds  per  minute. 

Looking  at  right-hand  side  of  table  under  145  pounds  pressure 
for  drop  nearest  to  7. 1^5  pounds,  we  note  7.31  pounds  in  fourth 
horizontal  line  from  top.  From  this  point  follow  to  the  left  in 
the  same  horizontal  line  for  the  nearest  number  corresponding 
to  the  given  flow  of  steam,  which  in  the  first  instance  is  132 
pounds.  The  delivery  given  by  the  table  for  a  4-inch  pipe  under 
these  conditions  is  97  pounds,  and  for  a  Tj-inch  pipe  178  pounds 
By  interpolation  on  the  supposition  that  the  variation  of  flow" 
is  proportional  to  the  square  root  of  the  fifth  power  of  the 
diameter,  a  pipe  slightly  under  4.5  inches  will  deliver  132  pounds 
per  minute.  For  delivery  of  528  pounds  per  minute,  a  pipe  will 
be  required  larger  than  7  inches  in  diameter  and  smaller  than  8 
inches.  For  delivery  of  1,"  20  pounds  a  pipe  will  be  required 
about  10.7  inches  in  diameter,  or  about  one-half  inch  smaller 
than  required  by  the  formula  of  Ledoux.  The  substitution  of 
the  numerical  values  in  the  formula  (17)  given  in  the  paper,  for 
a  flow  of  132  pounds  per  minute  gives  a  diameter  of  4  4  inches, 
which  is  almost  exactly  the  same  as  that  obtained  from  the 
Ledoux  formula. 

The  examination  would  indicate  that  although  there  is  a  slight 
difference  in  the  method  of  treatment  of  this  problem  by  Ledoux 
and  myself  there  is  a  very  close  agreement  for  pipe  sizes  with 
diameters  between  3  and  8  inches  ;  that  for  smaller  sizes  of  pipes 
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the  writer's  table  requires  larger  diameters  for  a  given  flow  and 
for  larger  sizes  a  smaller  diameter  for  a  given  flow,  for  the 
reason  that  the  writer  assumed  as  agreeing  with  liis  experi- 
ments that  the  coefficient  of  friction  diminished  with  the  increase 
of  the  diameter,*  while  Ledoux  considers  it  constant.  Consider- 
iug  only  the  commercial  sizes  of  pipes,  the  table  in  the  paper 
gives  results  which  are  in  practical  agreement  with  the  formula 
of  Ledoux. 

A  comparison  of  the  formulae  given  in  the  paper  with  those  of 
Ledoux  may  be  made  as  follows.     Thus  in  equation  (11  j  of  the 

/         ^  c\ 
paper  substituting  for  ^  I  1  -t-  '-^  j  the  symbol  of  the  coefficient 

of  friction y,  we  shall  have  by  transposing 

._  20.663  pDd'  ,-^. 

J   —  ^"7" (-1-'^) 

In  the  above  formula  p  =  drop  in  pressure  =  Pq  —  p)u  and 
D  —  mean  density  ;  so  that,  numerically,  pD  is  very  nearly  equal 
to  ]\)Dq  —  2hDi,  but  we  have  already  shown  that  7^Z>o  —  pxDy 
=  0.003  (Pq-^^  —  j)^-^^).  Substituting  the  last  quantity  ior  j)D  in 
formula  (12),  we  have 

*^"         ^;u  ....  (i^) 

Li  the  Ledoux  formula  mo  denotes  the  weight  of  steam  sup- 
plied per  second,  and  in  the  above  formula  ?//  denotes  the 
weight  discharged  per  minute  corrected  for  condensation  This 
formula  is  essentially  of  the  same  character  as  the  Ledoux  for- 
mula for  coefficient  of  friction  (14l).  The  formulae  differ  only 
in  value  of  units,  coefficients,  and  correction  for  condensation, 
and  differ  when  reduced  by  an  exceedingly  small  quantity. 

By  transforming  (11)  of  the  paper  we  obtain 

,2  _    20AmpDd '  _        20M3pJ)d''        _    7659pDd' 


mi^'f)L   0.0027(1  +  1^ 


from  which 

w'  =  87.45 


/-I       3.6 


.     .     (14) 
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The  formuLi  (14)  given  above  resemhles  very  closely  tlie  one 
given  by  the  late  George  H.  Ijabcock  in  '•  Steam,"  page  89,  the 
difference,  in  fact,  being  that  liabcock  uses  a  coefficient  of  87, 
whereas  the  calculation  with  the  value  of  the  coefficient  /r,  as 
obtained  from  our  experiments,  gives  a  coeffident  about  one- 
half  per  cent,  greater.  Th(^  formula  in  which  this  coefficient  is 
used  is  of  a  form  deduced  several  years  ago  by  Professor  Unwin, 
and  accords  very  closely  with  Weisbach's  statements  of  the 
flow  of  liquids  in  pipes.  How  the  coefficient,  as  given  above,  was 
obtained  by  Mr.  Babcock  is  unknown  to  the  writer  ;  but  from  its 
close  agreement  with  the  results  of  our  experiments  it  was  prob- 
ably based  on  good  authority. 

The  following  table   calculated  by  Mr.  Babcock  is  extracted 
from  "  Steam  "  : 

Table  of  Flow  of  Steam  through  Pipes. 


sure 
inch. 

Diameter  of  Pipe  in  Inches.    Length  op  Each  =  240  Diameteus. 

11^ 

i 

1 

^h 

2 

2^ 

3 

' 

5 

6 

8 

10 

12 

15 

18 

l-H          ^ 

Weight  of  steam  per  minute  in  poniids,  with  one  pound  loss  of  pressure. 

1... 

1.16 

2.07 

5.7 

10.27 

15.45 

25.38 

^6.85 

77.3 

115.9 

211.4 

341 . 1 

5G2.4 

•804 

1,177 

10... 

1.44 

2.57 

7.1 

12.72 

19.15 

31  45 

58.05 

95.8 

143.6 

262.0 

422.7 

6J2.5 

996 

1.4.58 

20... 

1.70 

3.02 

8.3 

14.94 

22  49 

36.!;4 

68.20 

112.6 

lu8.7 

307.8 

4:  It).  5 

731.3 

1,170 

1,713 

30... 

1.91 

3.40 

9.4 

16.84 

25.35 

41.  (io 

76.84 

126.9 

]'.,0.1 

346.8 

.559.5 

824.1 

1.318 

1,930 

40... 

2.]0 

3.74 

10.3 

IS.  51 

27.  S7 

45.76 

84.49 

13). 5 

209.0 

381.3 

615.3 

906.0 

1.4.50 

2,122 

50... 

2.27 

4.04 

11.2 

20.01 

30.13 

49.4>s 

91.31 

150.8 

226.0 

412  2 

665.0 

979.5 

1.567 

2,294 

60... 

2.43 

4.32 

11.9 

21. 3S 

32.19 

52.87 

97.60 

161.1 

241.5 

440.5 

710.() 

1.046.7 

1.675 

2.451 

70... 

2.57 

4.58 

12  6 

22.^^5 

34.  K 

5().00 

103.37 

170.7 

255.8 

466.5 

752.7 

1,108.5 

1.774 

2,.596 

80... 

2.71 

4.82 

13.3 

23.82 

35.87 

58.91 

108.74 

179.5 

2(i9.0 

490.7 

791.7 

1.166.1 

1.866 

2,731 

90... 

2.83 

5.04 

13.9 

24.91 

37.. "=.2 

61.62 

113.74 

187.8 

281.4 

513.3 

828.1 

1.219.8 

1.9.M 

2,856 

100... 

2  95 

5.2.^ 

14.5 

25.96 

39.07 

61.18 

118.47 

195.6 

293.1 

534.6 

862.6 

1.270.1 

2,032 

2,975 

120  .. 

3.16 

5  (i3 

15.5 

27.85 

41.93 

68.^(7 

127.12 

209  9 

314.5 

573.7 

925.6 

1,363.3 

2.181 

3.193 

150... 

3.45 

6.14 

,r.o 

30.37 

15.72 

75.09 

138.61 

228.8 

343.0 

625.5 

1.009.2 

1.486.5 

2.378 

3,481 

By  similar  reduction   from  equation  (11)  we  can  obtain  the 
following  formula  for  the  diameter  of  pipe  expressed  in  inches  : 


d'  =- 


=  0.167 


w'Hl  +  ^^L     ^^^^ 


pB 


3.6 


For  a  6-inch  pipe  (1  +  ~]  =  1.6,  which,  substituted  in  the  fore- 
going formula  and  reduced,  makes 


d'  =  0.184 


(16) 
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This  formula  is  very  nearly  identical  with  that  given  by  Ledoux 
when  reduced  to  English  units.  '1  lius,  for  the  example  considered 
and  for  a  flow  of  1  kilogram  per  second,  or  ld'2  pounds  per  min- 
ute, the  diameter,  as  given  by  the  above  formula,  is  4.4  inches, 
and  by  the  Ledoux  formula  is  4.39  inches.  It  would  also  seem 
that  this  formula  is  accurate  enough  for  practical  purposes,  since 
the  variation  in  pipe  sizes  as  computed  by  this  formula,  or  by 
the  more  complicated  ones,  is  slight  and  not  of  practical  impor- 
tance. The  writer  also  believes  that  this  formula,  which  diffeis 
from  that  given  by  Ledoux  principally  by  the  use  of  the  value 
of  density  of  steam  or  weight  per  cubic  foot,  instead  of  the  dif- 
ference of  exponential  function  of  the  pressure,  is,  on  tbe  whole, 
much  more  convenient  to  use  than  that  of  Ledoux.  To  use  the 
above  formula  the  engineer  must  employ  both  the  table  of 
logarithms  and  a  steam  table  ;  to  use  the  Ledoux  formula  a  table 
of  logarithms  alone  will  suffice,  but  the  computations  are  more 
difficult.  The  table  is  to  be  recommended  in  either  case  as  giv- 
ing results  with  sufficient  accuracy,  and  affording  great  economy 
of  time. 

Regarding  the  question  raised  by  Mr.  Kent  as  to  the  law  of 
variation  of  the  coefficient  of  friction,  the  writer  would  say  that 
in  view  of  the  investigations  already  quoted  m  the  paper,  and 
especially  in  view  of  those  made  by  Professor  Unwin  in  relation 
to  the  motion  of  compressed  air,  there  is  little  doubt  but  that 
the  coefficient  of  friction  varies  both  with  change  of  velocity  and 
with  change  in  diameter  of  the  pipe.  The  experiments  made 
at  Sibley  College  with  small  and  large  pipes  clearly  indicated 
a  change  in  coefficient  of  friction  with  the  diameter,  but  we  were 
unable  to  decide  in  regard  to  the  influence  of  velocity,  as  the 
effect  of  change  of  velocity  seemed  less  than  the  unavoidable 
errors  of  observation. 

Mr.  Kent  refers  to  the  variation  in  results  of  certain  individual 
experiments  from  the  average.  This  will  also  be  noted  in  the 
experiments  made  by  Ledoux,  and  serves  to  indicate  the  difficulty 
involved  in  noting  all  the  conditions  which  take  place  at  any 
given  time.  In  some  cases  it  is  fair  to  suppose  that  mistakes  of 
observation  were  made,  but  in  other  cases  it  is  probable  that 
some  important  conditions  bearing  on  the  subject  were  unnoted. 

The  general  results  of  the  investigation,  and  the  close  agree- 
ment of  the  formula  adopted  with  that  given  by  the  late  George 
H.  Babcock  and  by  Ledoux,  would  indicate  that  the  results  are 
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to  be  relied  upon  jis  accurate  for  practical  purposes,  although 
liable  to  vary  to  a  certain  extent  with  change  of  conditions, 
which,  no  doubt,  depend  upon  tlie  method  of  erection  of  the 
pipe  and  the  amount  of  moisture  entrained  in  the  steam. 

Appended    to    this   closure  are  given  abstracts   of  the    data 
and  results  taken  from  the  paper  by  Ledoux. 

EXPERIMENTS   OF   M.    LEDOUX. 

Flow  of  Steam  in   Ihon    Pipe  330  Metres  (1,082.7  Feet)   in    Length; 
Diameter,  75  Millimetres  (2.95  Inchks). 


No.  of 
Experi- 
ment. 


A... 
B... 
C... 
D... 
E  ... 

F... 

G... 
H... 
1... 


Length  of 
Conduit. 


MetreB. 


130 
230 
330 

130 
230 
330 

130 
230 
330 

130 
230 
330 

130 
230 
330 

130 
230 
330 

330 

330 

330 


Feet. 


426. 5 
754.6 

1,082.7 

426.5 

754.6 

1,082.7 

426  5 
754.6 

L082.7 

426.5 
754.6 

1,082.7 

426.5 
754.6 

1,082.7 

426.5 
754.6 

1,082.7 

1,082.7 
1,082.7 
1,082.7 


Depth  Below 
THE  Surface. 


Metres. 


100 
200 
239 

100 
200 
239 

100 
200 
239 

100 
200 
239 

100 
200 
239 

100 
200 
239 

239 

239 

239 


Feet. 


328.1 
656.2 
784.1 

328.1 
656.2 
784.1 

328.1 
656.2 

784.1 

328.1 
656.2 

784.1 

328.1 
656.2 

784.1 

328.1 
656.2 
784.1 

784.1 

784.1 

784.1 


Initial  Press. 


Atmos. 


2.96 

3.88 
5.89 
5.78 
5.78 

5.76 

5.97 
5.97 
3.00 


Lbs.  per 
sq.  in. 


43.50 
57.02 
86.56 
84.94 
84.94 

84.65 

87.74 
87.74 
44.09 


Final  Press. 


Incr.  in  Press. 
Due  to  Weight. 


Atmos. 


2.62 
2.44 

2.18 

3.81 
3.66 
3.60 

5.44 
4.99 
4. GO 

4.52 
3.48 
2.45 

4.69 
3.90 
2.34 

4-65 
3.52 
2.29 

5.44 

5.63 

2.69 


"i::^:  Atmos. 


38.50 
35.86 
32.04 

56.00 

53.78 
52.90 

79.95 
73.34 
67.60 

66.42 
51.14 
36.00 

68.82 
57.32 
49.08 


0.01 
0.03 
0.03 

0.02 
0.04 
0.05 

0.03 
0.07 
0.07 

0.03 

0.05 
0.05 

0.03 
0.05 

0.05 


Lbs.  per 
sq.  in. 


68.33'  0.03 
57.73  0.03 
33.64   0.05 

79.95   0.07 

82.75   0.08 

33.65'  0.04 


0  15 
0.44 
0.44 

0.29 
0.59 
0.73 

0.44 
1.02 
1.03 

0.44 
0.73 
0.74 

0.44 
0.73 
0.74 

0.44 
0.44 
0.73 

1.03 

1.17 

0.59 


Area,  7.774  square  metres  —  828.9  square  feet. 
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Flow  of  Steam  in   Iron   Pipe    330    Metres  (1,082.7  Feet)   in    Length  ; 
Diameter,  75  Millimetres  (2.95  Inches).    , 


No.  of 

Experi- 

merit. 


A... 
B... 
C... 

D  ... 
E... 

F.... 

G... 
H... 
I... 


Final  Pressure 
Corrected. 

Weight  of  Steam 
Supplied. 

Atmos. 

Lbs.  per 

Kilog's 
per  Sec. 

Lbs.  per 
Minute. 

2.62 
2.44 

2.18 

3S.r,0 
36 . 0() 
32.03 

0.221 

27.04 

3.81 
3.66 
3  60 

56.09 
53.78 
52.90 

0.162 

21.43 

5.44 
4.99 
4.60 

79.95 
73.34 
67.60 

0.302 

48.07 

4.52 
3.48 
2.45 

63.43 
51.14 

.35.86 

0.538 

71.14 

4.69 
3.90 
2  34 

68.83 
58  64 
34.38 

0.545 

72.06 

4.65 
3  52 
2.29 

68.33 
51.73 
33.64 

0.546 

72.18 

5.44 

79.96 

0.254 

33.60 

5.63 

82.74 

0.198 

26.20 

2.69 

39.53 

0.154 

20.37 

Wt.  of  Steam  Con- 
densed PER  Hour. 


Kilog's  per 
sq.  Metre. 


1.05 
1.19 
1.31 
1.22 
1.21 

1.21 

1.33 
1.34 
1.09 


Lbs.  per 
sq.  ft. 


0.2058 
0.2292 
0.2683 
0.2500 

0.2478 

0.2478 

0.2724 
0.2744 
0.2140 


Values  of  F. 


Observed. 


,00134 
,00110 
OOilo 

,00068 
00121 
00111 

00125 

00137 
00134 

,00142 
,00134 
00122 

00123 
00111 
00120 

,00123 
,00127 
,00120 

00123 

00132 

00110 


Average. 


0.00119 
0.00100 
0.00132 
0.00133 
0.00118 

0.00121 

0.00123 
0.00132 
0.00110 


24 
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EXPERIMENTS   OF   LEDOUX. 
Diameter  of  Pipk,  100  Millimetres  (3.94  Inches). 


Length, 

Pressuke 

Abhoi.ute. 

Weight 

of  Si earn 

Supplied 

per  Second. 

Kilo.s. 

Velocity 
of  Steam. 

Coefficient 

OF   FlUCTION. 

Metres. 

Entrance, 
Kilos. 

Diprharpe, 
Kilos', 

Each 
Observation. 

Mean. 

305.8 
203.3 
102.3 

5.508 
5.478 
5.498 

3.528 
4.308 
4.983 

0.908 

40.0 

0.00119 
0.00114 
0.00105 

0.00113 

305.8 
203.3 
102.3 

5.653 
5.783 

5.748 

4.235 
4.970 

5.378 

0.842 

35.60 

0.00108 
0. 00099 
0.00092 

0.00100 

305.8 
203.3 
102.3 

5.263 
5.273 
5.240 

2.813 

3.798 
4.583 

1.036 

47.10 

0.00101 
0.00!02 
0.0009(i 

0.00100 

305.8 
203.3 
102.3 

5.168 
5.088 
5.178 

3.080 
3.893 
4.518 

0.911 

42.15 

0.00114 
0.00106 
0.00124 

0.00114 

305.8 
203.3 
102.3 

5.083 
5.073 
5.063 

4.000 
4.435 

4.758 

0.698 

33.10 

0.00111 
0.00102 
0.00098 

0.00104 

305.8 
203.3 
102.3 

3.063 
3.833 
3.813 

2.490 
2.893 
3.340 

0.690 

41.75 

0.00114 
0.00111 
0.00117 

0.00114 

305.8 
203.3 
102.3 

4.098 
4.131 

4.058 

2.915 
3.428 
3.74C 

0.673 

38.85 

0.00103 
0.00097 
0.00089 

0.00096 

30.-).  8 
203.3 
102.3 

4.015 
4.098 
4.203 

2.248 
3.995 

3.718 

0.723 

41.65 

0.00119 

0.00125 
0.00120 

0.00121 

305.8 
203.3 
102.3 

4.040 
4.048 
4.060 

1.393 
2.013 

2.588 

0.692 

40.35 

0.00125 
0.00127 
0.00123 

0.00125 

305.8 
203.3 
102.3 

3.233 
3.265 
3.145 

1.303 
2.100 
2.645 

0.690 

50.15 

0.00105 
0.01)121 
0.00101 

0.00109 

305.8 
203.3 
102.3 

3.280 
3.175 
3.220 

1.990 
2.363 

2.823 

0.486 

35.65 

0.00166 
0.00163 
0.00169 

0.00166 

305.8 
203.3 
102.3 

2.828 
2.885 
2.883 

1.705 
2.140 
2.540 

0.508 

40.90 

0.00115 
0.00123 
0.00131 

0.00123 

Mean  of  all  results  =  0.00115. 
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EXPERIMENTS   OF   LEDOUX. 
Flow  of  Steam  in  Pipes.     Diameter  of  Pipe,  71  Millimetres  (2.79  Inches). 


PUESSUllE 

Absolute. 

Weight 

Coefficient 

OP   PlUCTlON. 

Length, 

of  Steam 

Supplied 

per  Second, 

Kilos. 

Velocity 
of  Steam. 

Metres. 

Entrance, 
Kilos. 

Discharge, 
Kiloi<. 

Each 
Observation. 

Mean. 

304.9 
202.9 
102.0 

5.777 
5.728 
5.678 

1.449 
3.500 
4.818 

0.546 

45.45 

0.00104 
0.00101 
0.00087 

0.00097 

304.9 
202.9 
102.0 

5.653 
5.678 
5.703 

2.578 
3.953 
5.075 

0.456 

38.40 

0.00121 
0.00117 
0.00093 

0.00110 

304.9 
202.9 
102.0 

5.953 
5.978 

5.918 

4.060 
4.875 
5.513 

0.377 

30.30 

0.00132 
0.00123 
0.00093 

0.00116 

304.9 
203.9 
102.0 

4.930 
4.955 
4.905 

1.475 

3.068 
4.200 

0.429 

41.20 

0.00123 
0.00121 
0.00102 

0.00115 

304.9 
202.9 
102.0 

5.023 
4.962 
4.908 

2.33 
3.44 
4.360 

0.393 

37.40 

0.00130 
0.00123 
0  00107 

0.00120 

304.9 
202.9 
102.0 

5.073 
4.917 
4.975 

3.268 

3.858 
4.555 

0.368 

35  35 

0.00112 
0.00103 
0.00086 

0.00100 

304.9 
202.9 
101.0 

4.075 

4.088 
4.064 

1.360 
2.568 
3.478 

0.339 

38.90 

0.00132 
0.00133 
0.00113 

0.00126 

304.9 
202,9 
102.0 

3.898 
3.972 
3.956 

1 .  923 
2.763 
3.64 

0.328 

38.90 

0.00110 
0.00114 
0.00085 

0.00103 

304.9 
202.9 
102.0 

4.039 
4.013 
4.003 

2.640 
3.13) 
3.648 

0.200 

31.00 

0.00143 
0.00142 
0.00119 

0.00134 

304.9 
203.9 
102.0 

3.068 
3.078 
3.083 

1 . 5' i8 
2  090 
2.658 

0.276 

41.80 

0.00090 
0.00104 
0.00096 

0.00100 

304.9 
202.9 
102.0 

3.047 
3  072 
3.062 

1.808 
2  315 

2.755 

0.232 

35  70 

0.00119 

0.00118 
0.00100 

0.00112 

304.9 
202.9 
102.0 

3.093 
3.050 

3.088 

2.153 
2.473 

2.870 

0.213 

32.05 

0.00117 
0.00111 
0.00087 

0.00105 

Mean  of  all  results  -  0.00112. 
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EXPERIMENTS  OF   LEDOUX. 
Flow  of  Steam  in  Pipes.    Diameteu  of  Pipe,  47  Millimetres  (1.85  Inches). 


Length, 

PUEHHIJKK 

Abholiitk. 

Weight 

of  St((ani 

Supplied 

per  Second, 

Kilo.>i. 

V(!locity 
of  Steam. 

COEFFICIBNT 

OK  Friction. 

Metres. 

Entrance, 
Kilos. 

Discliarge, 
Kilos. 

Each 
Observation. 

Mean. 

303.60 
202.75 
101.30 

3.325 

3.211 
3.208 

1.570 
2.183 

2.768 

0.109 

35.75 

0.00100 
0.00093 
0.00085 

0.00093 

303.60 
202.75 
101.30 

3.168 
3.093 
3.063 

2.128 
2.425 
2.755 

0.104 

35.10 

0.00071 
0.00069 
0.00064 

0.00068 

303.60 
202.75 
101.30 

3.122 
3.117 
3.117 

1.693 

2.178 
2.698 

0.108 

36.35 

0.00080 
0.00086 
0.00081 

0.00082 

303.60 
202.75 
101.30 

4.125 
4.105 
4.083 

1.425 
2.473 
3.430 

0.153 

39.86 

0.00086 
0.00089 
0.00079 

0.00085 

303.60 
202.75 
101.30 

4.068 
4.028 
4.048 

1.855 
2.685 
3.455 

0.145 

38.45 

0.00084 
0.00087 
0.00081 

0.00084 

303.60 
202.75 
101.30 

5.048 
5.071 
5.060 

1.468 
3.033 
4.268 

0.176 

37.90 

0.00099 
0.00102 
0.00089 

0.00096 

303.60 
202.75 
101.30 

5.058 
5.078 
5.083 

2.123 
3.3-20 
4.370 

0.177 

38.15 

0.00088 
0.00090 
0.00080 

0.00086 

303.60 
202.75 
101.30 

6  045 

6.028 
5.963 

1.510 
3.523 
5.003 

0.206 

37.50 

0.00104 
0.00106 
0.00091 

0.00100 

303.60 
202.75 
101.30 

5.926 
5.928 
5.931 

2.148 
3.740 
5.070 

0.197 

36.35 

0.00101 

0.00102 
0.00091 

0.00098 

303.60 
202.75 
101  30 

5.953 
5.935 
5.940 

3.023 
4.740 
5.070 

0.186 

34.50 

0.00097 
0.00097 
0.00086 

0.00094 

202.75 
101.30 

3.117 
8.129 

1.913 
2.605 

O.lOl 

34.05 

0.00120 
0.00114 

0.00117 

202.75 
101.30 

4.078 
4.093 

2.348 
2  378 

0.142 

37.25 

O.OOKO 
0.00105 

0.00108 

202  75 
101.30 

5.063 
5.053 

2.888 
4.193 

0.170 

36.50 

0.00115 
0.00103 

0.00109 

Mean  of  all  results  =  0.00094. 
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DCCCIV.* 

A  PXEUMATIC  DISPATCH-TV  BE  SYSTEM  FOR  RAPID 
TRAXSPORTATIOX  OF  MAILS  IX  CITIES. 

BY   B.    C.    BATCHELLER.t   NEW   YORK   CITY. 

The  history  of  the  art  of  pneumatic  transmission  practically 
begins  in  London  in  1853,  when  the  Electric  and  International 
Telegraph  Company  constructed  the  first  tube  for  dispatching 
their  telegrams.  This  tube  was  1|-  inches  in  diameter  and  225 
yards  in  length.  It  was  constructed  under  the  direction  of  their 
engineer,  Mr.  Josiah  Latimer  Clark. 

Five  years  later  a  larger  tube,  2\  inches  in  diameter  and  1,340 
yards  in  length,  was  built  by  the  company.  This  was  the 
beginning  of  the  pneumatic-tube  system  in  London,  and  it  has 
grown  year  by  year  until  a  network  of  tubes  radiating  from  the 
general  postoffice  covers  the  business  portion  of  the  city,  con- 
necting with  all  of  the  sub-postoffices.  Most  of  these  tubes  are 
'2\  inches  in  diameter,  and  none  is  more  than  3  inches.  Light 
felt  carriers  containing  telegrams  and  messages  are  dispatched 
through  them.  Paris  was  not  far  behind  London  in  construct- 
ing a  pneumatic  telegraj^h.  They  use  tubes  of  about  the  same 
diameter,  but  instead  of  having  them  radiate  from  central  sta- 
tions they  are  laid  in  circuits  or  polygons,  the  carriers  travelling 
around  the  circuits  in  one  direction  only.  Berlin  and  Vienna, 
as  well  as  the  smaller  cities  of  England,  now  have  systems  of 
small  tubes  for  dispatching  telegrams  and  messages  between  the 
main  and  sub-postoffices.  All  are  familiar  with  the  pneumatic 
tubes  used  in  our  large  stores  for  transmitting  cash  to  and  from  a 

*  Presented  at  the  New  York  meeting  (December,  1898)  of  the  American  Society 
of  Meclianical  Engineers,  and  forming  part  of  Volume  XX.  of  the  I'j'o.nsactions. 

\  This  paper  was  secured  by  invitation  of  the  committees  having  charge  of  the 
meeting,  to  explain  the  operation  of  the  system  before  the  excursion  organized 
to  visit  the  plant  in  operation  at  the  New  York  postoffice.  It  was  illustrated  by 
lantern  slides  and  stenographically  reported  from  the  verbal  delivery.  It  has 
been  felt  that  its  interest  justified  its  permanent  record. 
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ceutrally  located  cashier's  desk.  The  AVestern  Union  Telegraph 
Company  has  constriK^ted  several  lines  of  small  tubes  between 
its  offices  in  New  York  city,  it  having  been  found  that  messages 


^M 


Fig.  121, 


1.  Carrier  used  in  tlie  Berlin  system.  2.  Largest  carrier  used  in  the  London  system.  3.  Six- 
inch  carrier  used  in  the  first  Philadelphia  system.  4.  Eight-inch  carrier  used  in  Xew  York  and 
Boston. 


can  be  dispatched  through  tubes  more  quickly  than  over  the 
wires. 

This  paper  relates  to  pneumatic  tubes  of  a  much  larger  size 
than  any  that  are  used  in  Europe — tubes  which  are  not  only 
large  enough  for  the  transmission  of  telegrams,  messages,  etc., 
but  bulky  mail,  packages,  merchandise,  etc.     (Fig.  121.) 
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The  Philadelphia  Line. 

The  history  of  large  pneumatic  tubes  for  the  transportation 
of  mail  began  in  the  city  of  Philadelphia  in  the  winter  of 
1892-93. 

A  company  was  formed  in  that  city  which  had  for  its  object 
the  construction  and  operation  of  a  system  of  tubes,  to  be  laid 
under  the  streets,  for  the  rapid  transportation  of  United  States 
mail,  merchandise,  messages,  packages,  etc. 

It  began  by  making  a  contract  with  the  United  States  Govern- 
ment for  the  transportation  of  the  mail  between  the  main  post- 
office  and  a  branch  postoffice  on  Chestnut  Street  near  Third 
Street,  a  distance  of  about  8,000  feet,  or  little  more  than  half 
a  mile.     (Fig.  122.) 

The  history  of  this  pioneer  company  is  similar  to  that  of  many 
others  that  launch  new  enterprises.  Unexpected  obstacles  were 
encountered  which  caused  annoying  delays.  It  had  been  sup- 
posed that  there  would  be  no  difficulty  in  obtaining  suitable 
tubes.  An  order  was  placed  with  a  large  manufactory  of 
wrought-iron  pipe,  and  it  was  not  until  the  first  delivery  was 
made  that  the  imperfections  of  this  material  were  known. 
When  the  work  was  well  in  hand  serious  defects  were  dis- 
covered in  the  plans  of  the  terminal  apparatus  for  sending  and 
receiving  carriers.  I  might  mention  other  difficulties  that  were 
met  by  this  company  in  the  construction  of  the  first  line,  but 
you  can  imagine  what  they  were,  for  they  are  common  to  all 
new  engineering  enterprises. 

After  being  compelled  to  abandon  wrought-iron  tubes,  it  was 
decided  to  bore  a  sufficient  quantity  of  cast-iron  water-pipe,  and 
machine  the  ends  so  that  they  would  fit  evenly.  This  was  con- 
sidered a  makeshift  at  the  time,  but  no  better  material  than  cast 
iron  has  since  been  found  for  the  purpose. 

Twelve  boring  machines  were  hastily  improvised,  and  in  the 
short  space  of  seven  weeks  6,000  feet  of  6-inch  water-pipe  were 
bored.  The  finished  size  of  the  tubes  was  6|  inches  inside 
diameter,  in  regular  12-foot  lengths.  The  joints  were  made  with 
lead  and  oakum  calked  in  the  usual  manner.  The  bends  in  the 
tube  were  made  of  seamless  brass  tubing  filled  with  rosin  and 
bent  to  the  desired  radius,  the  work  of  bending  being  done  by  a 
coppersmith.  Flanges  were  screwed  to  the  bends  in  order  to 
connect  them  to  the  iron  tubes. 
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Two  tubes  \v(U'('  laid  for  tr;uis])()rt;itioii  in  o])|)osite  direcitious. 
Tli(^y  Avero  simply  biii-icMl  in  t]w.  ground,  without  any  spocdal 
support  or  covering,  one  being  placed  directly  above  the  other. 
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They  were  separated  by  cast-iron  brackets.  At  the  main  post- 
office  the  tubes  enter  the  basement  on  the  Chestnut  Street  side, 
extend  suspended  from  the  ceiling  for  200  feet  through  a  cor- 
ridor, and  terminate  on  the  first  floor  about  the  centre  of  the 
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building.  At  tlio  brauch  postoffice  they  iiIho  entered  the  base- 
nK^iit  and  t(^rniinated  on  the  first  floor,  but  about  a  year  after 
tlio  line  was  opened  tln^  branch  ])ostofrie(^  was  I'eiiioved  from 
Chestnut  Street  to  the  bjiseinent  of  tlie  Bourse  Building,  where 
it  is  now  located. 

Power  for  the  operation  of  the  system  was  and  is  still  supplied 
by  an  air  compressor  located  in  the  basement  of  the  main  post- 
office.  The  compressor  is  of  the  duplex  type,  having  two 
steam  cylinders  and  two  air  (cylinders  arranged  with  a  com- 
mon crank-shaft  and  fly-wheel  in  the  centre.  The  cranks  are 
located  between  the  air  and  steam  cylinders  inside  a  yoke  that 
connects  the  steam  and  air  piston-rods.  The  stroke  is  24  inches, 
the  diameter  of  the  steam  cylinders  10  inches,  and  the  air  cyl- 
inders 18  inches.  The  horse-power  developed  under  normal 
conditions  is  about  25. 

The  compressor  discharges  its  air  into  a  tank  under  a  pressure 
of  6  pounds  per  square  inch.  The  tank  is  4  feet  in  diameter  by 
8  feet  high,  and  serves  the  double  purpose  of  a  separator  to  col- 
lect oil  and  dirt  coming  from  the  compressor  and  a  cushion  to 
reduce  the  pulsations  of  the  compressor. 

The  air  flows  from  this  tank  to  the  transmitter  located  on  the 
mail  floor  of  the  postoffice,  thence  through  one  tube  to  the 
Bourse,  and  returns  through  the  other  tube  to  the  main  post- 
office,  where  it  passes  through  the  receiving  apparatus,  and  is 
then  discharged  into  a  second  tank,  from  which  the  air  com- 
pressor draws  its  supply.  This  tank  that  receives  the  air  upon 
its  return  is  open  to  the  atmosphere,  in  order  that  any  air  that 
has  escaped  from  the  tube  may  be  replaced  by  fresh  air  drawn 
into  the  tank.  The  tank  also  serves  as  a  separator  to  collect 
any  dirt  or  moisture  that  may  come  from  the  tube. 

This  arrangement,  adopted  in  Philadelphia  five  years  ago,  has 
been  maintained  in  all  systems  since  constructed,  with  the  ex- 
ception of  the  first  tank,  which  has  been  abandoned  because  it 
was  found  to  be  unnecessary.  The  air  compressors  now  pump 
the  air  directly  into  the  tubes. 

The  transmitter  or  sending  apparatus  used  in  Philadelphia  is 
simply  a  large  valve  turned  by  hand.  In  one  position  the  valve 
is  brought  opposite  an  opening  in  its  casing  through  which  a 
carrier  can  be  inserted,  then  the  valve  is  turned  until  it  is  in 
line  with  the  tube,  when  the  air  shoots  the  carrier  along  in  the 
tube.     In  the  latter  position  of  the  valve  the  opening  through. 
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which  the  carrier  is  inserted  is  closed  ])y  a  circuhir  plate.  When 
the  valve  is  turned  to  receive  a  carrier  the  air  flows  around  the 
valve  inside  its  casing,  so  the  continuity  of  the  current  is  not 
broken.  The  receiving  apparatus  at  the  main  postoffice  and  at 
the  Bourse  is  essentially  the  same  as  that  used  in  the  systems 
constructed  later,  which  will  be  described. 

The  carriers  used  in  this  first  Philadelphia  line  are  similar 
but  smaller  than  those  used  in  New  York  and  Boston.  They 
are  about  18  inches  long  by  6|  inches  inside  diameter,  and  will 
contain  300  ordinary  letters.     (Fig.  121.) 

Notwithstanding  the  doubts  of  some  postoffice  officials,  this 
tube  proved  to  have  ample  capacity  for  transporting  all  the  mail 
that  had  to  be  sent  between  the  two  offices,  except  occasionally 
some  package  that  was  too  large  to  be  put  into  a  carrier. 

The  time  of  transit  of  the  carriers  between  the  stations  is 
about  one  minute,  which  is  equivalent  to  an  average  speed  of 
about  50  feet  per  second,  or  35  miles  per  hour,  much  higher, 
you  will  notice,  than  is  used  in  London,  Paris,  or  Berlin. 

Government  Contracts. 

After  the  completion  of  the  Philadelphia  line  nothing  was 
done  to  extend  the  pneumatic  postal  service  in  this  country  for 
a  period  of  nearly  four  years.  This  may  perhaps  be  explained 
by  the  financial  depression  that  prevailed  during  this  time 
Gradually,  however,  the  officials  of  the  Postoffice  Department 
came  to  appreciate  the  great  advantages  of  such  a  system,  and 
last  year  Congress  appropriated  $150,000  for  extensions  in  other 
cities.  Of  this  amount  New  York  came  in  for  the  largest  share. 
Contracts  were  made  for  ^\ei  separate  lines  of  8-inch  tubes  (you 
will  note  that  the  diameter  of  the  tubes  was  increased  two  inches 
over  that  of  the  Philadelphia  line) :  Two  to  be  built  in  New  York 
— one  between  the  main  postoffice  and  the  branch  postoffice  in 
the  Produce  Exchange,  the  other  between  the  main  postoffice 
and  branch  postoffice  "  H,"  near  the  Grand  Central  Depot,  with 
three  intermediate  stations  on  the  line  at  branch  postoffices 
cc  jyj^  c.  p^"  ^^^  »  Madison  Square." 

Another  line  between  the  main  postoffice,  New  York,  and  the 
main  postoffice,  Brooklyn,  by  way  of  the  Brooklyn  Bridge. 

The  fourth  line  in  Philadelphia,  between  the  main  postoffice 
and  the  Pennsylvania  Railroad  station,  with  an  intermediate 
station  at  the  Beading  Railway  terminal. 
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And  tlie  fifth  line  iu  the  city  of  Boston,  connecting  the  main 
postoffice  with  the  Union  Railway  station. 

The  United  States  may  have  been  a  little  slow  in  adopting  a 
pneumatic  postal  service,  but  when  she  did  it  was  done  on 
a  scale  that  is  a  lesson  to  her  European  neighbors.  European 
cities  have  pneumatic  message  systems,  but  the  United  States 
is  the  only  country  that  has  a  pneumatic  postal  system.  It  is 
the  only  country  that  transports  its  mails  by  jDneumatic  tubes. 
England,  France,  and  Germany  are  satisfied  with  2  and  3-inch 
tubes,  but  the  United  States  builds  8-inch. 

At  the  present  time  all  of  the  above-mentioned  lines  in  New 
York,  Philadelj)hia,  and  Boston  are  in  successful  operation. 
The  Produce  Exchange  line  in  New  York  was  formally  opened 
October  7, 1897  ;  the  Boston  line,  December  1'/,  1897  ;  the  Grand 
Central  line,  February  11,  1898 ;  the  line  to  the  Pennsylvania 
station,  Philadelphia,  Aj^ril  7,  1898 ;  and  the  Brooklyn  Bridge 
line,  August  1,  1898.  The  aggregate  length  of  all  these  double 
lines  is  nearly  7^  miles,  or  15  miles  of  tube.  To  operate  them 
12  duplex  air  compressors  are  required,  besides  a  large  amount 
of  terminal  apparatus  for  dispatching  and  receiving  the  carriers. 
To  manufacture  all  of  this  material,  except  the  air  compressors, 
a  factory  was  constructed  at  Philadelphia  fitted  with  special 
machinery. 

Tubes. 

The  tubes  are  of  cast  iron,  made  in  12-foot  lengths,  with  bells 
cast  upon  one  end.  They  resemble  ordinary  water-pipe,  but 
are  somewhat  thicker  and  made  of  a  better  quality  of  iron. 
They  weigh  before  being  bored  about  720  pounds,  or  60  pounds 
per  foot,  and  are  y\  of  an  inch  thick  after  being  bored.  They 
are  cast  about  8  inches  inside  diameter,  and  are  bored  to  a  fin- 
ished diameter  of  S|  inches.  After  boring,  a  counter-bore  is 
turned  at  the  bottom  of  the  bell,  and  the  male  end  of  the  tube 
is  turned  to  fit  the  counter-bore  of  the  next  length. 

After  each  tube  is  finished  it  is  gauged  by  j^assing  a  hardened 
steel  gauge  mandrel  through  it.  The  maximum  variation  in 
diameter  of  bore  is  about  0.01  inch,  and  this  is  principally  due 
to  the  variations  of  temperature  of  the  tube  during  the  process 
of  boring.  If  there  is  a  hard  spot  in  the  iron,  that  part  of  the 
tube  will  become  heated  and  expand,  to  contract  again  after  the 
l3ore  is  finished. 
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It  lias  been  foniid  necessary  to  make  the  cutters  slightly 
larger  than  the  finished  diameter  of  the  tubes. 

Brass  Bends. 

Short  bends  in  the  tubes  are  made  of  brass  from  seamless 
tubing  bent  to  a  uniform  radius  of  twelve  times  the  diameter  of 
the  tube,  or  eight  feet  for  an  8-incli  tube.  In  order  to  bend 
the  brass  tubing  and  maintain  a  uniform  cross-section,  it  is  first 
filled  with  rosin  which  is  ^loured  in  hot  and  allowed  to  harden, 
then  the  bending  is  done  between  a  series  of  rolls. 

After  the  tubes  are  bent  the  rosin  is  melted  out ;  they  are 
cleaned,  and  brass  flanges  attached  to  the  ends.  This  sounds 
like  a  very  simple  process,  but  a  large  amount  of  experience  was 
necessary  to  produce  satisfactory  bent  tubes. 

The  brass  bends  are  slightly  larger  in  diameter  than  the 
straight  cast-iron  tube,  to  allow  the  carriers  to  pass  freely 
through  them.  The  slight  leakage  of  air  past  the  carrier  while 
it  is  passing  through  the  bends  is  not  sufficient  to  interfere  wdth 
the  proper  operation  of  the  system.  Since  the  brass  tube  is 
larger  in  diameter  than  the  iron,  tapering  connecting  pieces 
must  be  used  to  connect  the  two  together  in  order  to  provide 
a  smooth,  unobstructed  surface  for  the  carriers  to  slide  over. 
For  reasons  of  economy  the  brass  tubes  are  made  as  short  as 
the  angle  will  allow,  but  we  are  compelled  to  have  a  short  por- 
tion of  a  straight  tube  on  each  end  of  a  bend,  it  being  impossible 
to  bend  a  tube  all  the  way  to  its  end,  for  the  "  bending  moment  '* 
would  be  infinite,  and,  of  course,  the  material  will  not  stand  an. 
approach  anywhere  near  this  limit.  When  the  tangent  point 
must  be  at  the  end  of  the  tube  we  cut  off  the  unbent  portion. 

Terminal  Apparatus. 

At  each  station,  which  may  be  the  end  or  an  intermediate 
point  on  the  line,  apparatus  is  required  for  sending  and  receiv- 
ing carriers. 

The  sending  apparatus,  or  transmitter  as  we  sometimes  term  it, 
consists  of  two  sections  of  the  tube  supported  in  a  swinging  frame 
(Fig.  125),  so  arranged  that  either  section  can  be  brought  into  line 
with  the  main  tube,  in  which  a  current  of  air  is  constantly  flow- 
ing. One  of  these  tube  sections  maintains  the  continuity  of  the 
main  tube,  while  the  other  is  swung  to  one  side  to  receive  a 
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carrier.  Tii  dispatcOiinjjj,  a  can-icr  is  })1jic(hI  in  an  iron  trough 
and  then  pushed  into  the  open-tube  section.  Tlie  frame  carry- 
ing the  two-tube  sections  swin^^s  until  the  section  containing 
the  carrier  is  brouglit  in  liiu;  with  the  niain  tul)e,  when  the 
carrier  is  swept  ah)ng  with  the  current  of  air.  Wliile  the  frame 
is  swinging  from  one  position  to  the  other,  the  air  is  prevented 
from  escaping  by  phates  that  cover  the  ends  of  the  tube,  and  a 
by-pass  is  [)rovided  so  that  the  current  is  not  interrupted.  An 
air  motor,  consisting  of  a  cylinder  and  piston,  furnishes  the 
power  to  swing  the  frame,  the  operator  having  simply  to  move 
a  valve  by  j^ulling  a  lever.  When  the  controlling  lever  is  pulled 
and  latched  the  frame  swings,  and  as  the  carrier  passes  out  of 
the  apparatus  it  trips  the  lever  and  the  frame  swings  back  auto- 
matically into  position  to  receive  another  carrier. 

A  certain  headway  must  be  given  to  each  carrier  in  order  to 
prevent  them  from  overtaking  each  other  in  the  tube,  and  to 
give  the  receiving  apparatus  at  the  other  end  of  the  line  time  to 
act.  To  prevent  carriers  being  dispatched  too  frequently,  a 
time-lock  has  been  attached  to  the  sending  apparatus,  that  locks 
the  controlling  valve  when  a  carrier  is  dispatched  and  keeps  it 
locked  for  a  given  period  of  time,  varying  from  five  to  fifteen  or 
twenty  seconds,  according  to  the  adjustment  of  the  lock.  The 
time-locks  consist  of  a  vertical  cylinder  and  piston  with  a  spring 
that  constantly  tends  to  force  the  piston  to  the  bottom  of  the 
cylinder.  The  cylinder  is  filled  with  oil  and  closed  at  the  top, 
forming  what  is  commonly  known  as  a  dash-pot.  When  the 
piston  is  pulled  upward  the  oil  flows  through  holes  in  the  piston 
that  are  closed  by  a  valve  when  it  moves  downward.  A  by-pass 
from  one  end  of  the  cylinder  to  the  other  allows  the  oil  to  flow 
around  the  piston  during  its  downward  motion.  This  by-pass 
can  be  throttled  more  or  less  by  a  small  regulating  valve,  thus 
controlling  the  speed  and  time  of  descent  of  the  piston.  When 
a  carrier  is  dispatched  the  piston  is  pulled  up  and  allowed  to 
descend  under  the  force  of  the  spring.  When  the  piston  is 
pulled  up  a  spring  bolt  locks  the  controlling  valve,  and  it  remains 
locked  until  the  piston  returns  to  the  bottom  of  the  cylinder  and 
withdraws  the  bolt.  The  period  of  time  that  the  apparatus  is 
locked  depends  upon  the  time  of  descent  of  the  piston  in  the 
cylinder  of  oil,  and  this  can  be  regulated  by  opening  or  closing 
the  by-pass. 

Should  the  attendant  attempt  to  dispatch  a  carrier  before  the 
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locking  period  lias  expired  the  controlling  lever  will  move  as  if 
the  valve  were  not  locked,  but  the  valve  itself  will  not  move,  the 
two  being  connected  by  a  spring.  When  the  locking  period  lias 
expired  this  spring  that  connects  the  lever  w^ith  the  valve  will 
move  the  valve,  even  though  the  attendant  may  be  elsewdiere 
attending  to  other  duties.  By  this  automatic  arrangement  the 
attendant  is  not  kept  waiting  for  the  transmitter  to  be  unlocked- 

Open  Receiver. 

When  a  carrier  arrives  at  a  station  its  velocity  must  be 
checked,  and  then  it  must  be  discharged  from  the  tube.  This  is 
the  function  of  the  receiving  apparatus,  which  operates  auto- 
matically. Three  forms  of  receivers  are  used,  and  they  are 
known  as  the  open  receiver,  the  closed  receiver,  and  the  inter- 
mediate station  receiver. 

The  open  receiver  (Fig.  126 )  is  used  where  the  pressure  in  the 
tube  is  only  an  ounce  or  two  above  the  atmosphere,  w^hich 
occurs  at  the  end  of  the  tube  farthest  removed  from  the  air 
compressor,  and  that  may  be  in  the  same  building  with  the 
compressor  when  the  outgoing  and  incoming  lines  are  both 
operated  from  one  station,  as  is  done  with  the  line  in  Boston. 

The  open  receiver  consists  of  an  air-cushion  formed  by  closing 
the  end  of  the  tube  with  a  sluice-gate  and  allowing  the  air  to 
flow  out  into  a  branch  pipe  through  slots  in  the  tube  located 
about  four  feet  in  the  rear  of  the  sluice-gate.  When  a  carrier 
arrives  it  passes  over  the  slots,  enters  the  air-cushion,  and  is^ 
brought  quickly  to  rest  v>dthout  injury  or  shock.  As  it  enters 
the  air-cushion  its  momentum  is  destroyed  by  compressing  the 
air,  and  this  increase  of  pressure  is  utilized  to  move  a  small 
valve  that  admits  air  to  a  cylinder  located  just  above  the  sluice- 
gate. The  piston  in  this  cylinder  is  attached  to  the  sluice-gate, 
so  that  as  soon  as  the  carrier  comes  to  rest  the  gate  is  raised  and 
there  is  just  pressure  enough  in  the  tube  to  push  the  carrier  out 
onto  a  table.  When  the  carrier  passes  out  it  raises  a  finger 
that  in  turn  moves  the  valve,  and  the  air  pressure  acting  on  the 
piston  in  the  cylinder  closes  the  sluice-gate.  It  takes  some  time 
to  describe  this,  but  the  operation  occurs  very  quickly — in  less 
than  one  second. 

Closed  Heceiver. 

With  an  air  pressure  in  the  tube  of  several  pounds  above  the 

atmosphere  we  cannot  use  the  open  receiver,  because  w^hen  the 
25 
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sluice-gate  is  raised  the  air  avouIcI  come  out  with  a  terrific  blast 
and  a  roar  that  could  uot  be  permitted  ;  besides,  the  pressure 
would  shoot  the  carrier  out  with  great  force.  For  terminal  sta- 
tions where  the  air  current  arrives  in  one  tube  and  returns  by 
the  other  tube,  such  as  the  Union  Railway  station  in  Boston, 
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we  have  what  we  term  a  closed  receiver  (Figs.  127  and  128).  It 
consists  of  a  section  of  tube  closed  at  one  end,  forming  an  air- 
cushion,  which  we  will  call  the  receiving  chamber.  This  receiv- 
ing chamber  is  a  prolongation  of  the  tube.  As  carriers  arrive 
they  run  directly  into  it  and  come  to  rest  without  shock  by  com- 
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pressing  the  air.  The  air  current  flows  out  of  the  tube  through 
a  branch  located  ch)se  to  the  receiving  chamber  that  leads  to 
the  transmitter  of  the  return  line.  The  receiving  chamber  is 
mounted  upon  trunnions  and  has  one  end  connected  to  a  piston 
in  a  cylinder  so  arranged  that  the  movement  of  the  ])iston 
tilts  the  receiving  chamber  up  at  an  angle  of  40  degrees  to 
discharge  the  carrier  and  then  returns  it  to  a  liorizontal  posi- 
tion. While  it  is  tilted  the  end  of  the  tube  is  covered  by  a  cir- 
cular plate  attached  to  the  receiving  chamber.  The  air  pressure 
is  used  to  move  the  piston  and  receiving  chamber,  the  move- 
ment being  controlled  by  a  small  piston  slide-valve,  as  in  the 
open  receiver. 

The  slide-valve  is  moved  by  the  increase  of  air  pressure  in 
the  receiving  chamber  when  a  carrier  arrives.  It  is  returned  to 
its  normal  position  by  the  weight  of  the  carrier,  when  the  car- 
rier slides  out  of  the  receiving  chamber  onto  a  pivoted  cradle. 
The  cradle  is  connected  mechanically  to  the  valve  stem  and 
swings  down  into  a  horizontal  position  under  the  weight  of  the 
carrier,  thereby  moving  the  valve. 

In  termediate- Station  Receiver. 

I  have  already  stated  that  the  line  between  the  General  Post- 
office,  New  York,  and  the  Grand  Central  Railroad  depot  includes 
three  intermediate  stations  (Fig.  129).  These  stations  are  not 
located  on  branches  off  the  line,  but  the  main  line  is  carried  in. 
and  out  of  each  station,  so  that  the  intermediate  stations  are 
located  directly  on  the  main  line.  Automatic  receiving  appara- 
tus is  useil  in  these  stations,  whereby  a  carrier  destined  for  some 
particular  station  on  the  line  can  be  dispatched  from  the  Gen- 
eral Postoffice,  and  is  so  arranged  that  such  a  carrier  will  enter 
each  intermediate  station  and  pass  out  again  until  it  arrives  at 
the  station  for  w^liich  it  was  destined,  w^here  it  will  be  auto- 
matically discharged  from  the  tube.  The  station  at  which  the 
carrier  w^ill  be  discharged  is  determined  by  the  diameter  of  a 
flat  circular  metal  disc  placed  on  the  front  of  the  carrier.  These 
discs  are  made  in  graduated  sizes,  corresponding  with  the 
apparatus  in  the  various  stations  on  the  line.  The  disc  serves 
the  purpose  of  closing  an  electric  circuit,  w^hich  it  cannot  do  un- 
til it  arrives  at  a  station  where  the  size  of  the  disc  corresponds 
with  the  distance  between  two  electric  contact  points. 

The  intermediate-station  receiver  is  of  the  "  closed  receiver  '* 
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type,  consisting  of  a  clianiber  that  forms  a  prolongation  of  the 
tube  and  an  air-cushion  to  stop  the  carriers  witliout  sliock. 
Tliis  cylindrical  chand)er  is  h)cated  in  the  horizontal  diameter 
of  a  wheel  tliat  can  l)e  rotated  through  an  angle  of  45  degrees 
to  discharge  a  carrier  onto  a  table,  or  through  an  angle  of  90 
degrees  to  redispatch  a  earlier  into  the  tube  and  on  to  the  next 
station.  When  the  wheel  rotates  its  broad  flat  rim  covers  the 
end  of  the  tube,  thereby  preventing  the  escape  of  air.  The 
wheel  is  rotated  by  a  vertical  cylinder  and  piston,  using  the  air 
pressure  in  the  tube  as  a  motive  power.  When  the  carrier  ar- 
rives at  the  head  of  the  receiving  chamber  it  touches  two  electric 
contact  points.  These  contact  points  are  the  ends  of  two  insu- 
lated needles  that  project  into  the  chamber,  and  are  held  there 
by  springs  which  allow  the  needles  to  retract  when  the  end  of 
the  carrier  strikes  them.  The  two  needles  are  set  at  graduated 
distances  apart  at  the  several  stations  on  a  line  corresponding 
with  the  graduated  diameter  of  the  discs  carried  on  the  front 
end  of  the  carriers.  When  a  carrier  enters  the  receiver  and 
strikes  against  the  points  of  the  needles,  if  the  disc  of  the  car- 
rier is  large  enough  to  span  the  distance  between  the  two  needles, 
then  an  electric  circuit  is  closed  through  the  needles  and  disc, 
exciting  an  electro-magnet  on  the  machine  that  causes  a  stop  to 
be  thrown  into  the  path  of  the  wheel,  stopping  it  at  the  4.5- 
degree  angle,  at  the  same  time  drawing  a  slide  and  opening  the 
receiving  chamber  so  that  the  carrier  can  slide  out  on  the  table. 
Had  there  been  no  disc  on  the  carrier,  or  had  the  disc  been  too 
small  in  diameter  to  span  the  space  between  the  needles,  then 
the  circuit  would  not  have  been  closed  and  the  wheel  would 
have  rotated  through  an  angle  of  90  degrees  until  the  receiving 
chamber  stood  in  a  vertical  position  in  line  with  a  continuation 
of  the  tube.  The  carrier  would  then  drop  into  the  tube  and  go 
on  to  the  next  station.  The  air  current  flows  through  a  by-pass 
around  the  wheel.  At  the  first  intermediate  station  on  a  line 
the  needles  are  placed  farthest  apart,  requiring  the  largest  size 
disc  to  throw  the  carrier  out  at  that  station.  At  the  second 
station  the  needles  are  set  nearer  together,  and  at  the  third 
station  still  nearer,  and  so  on,  the  last  intermediate  station 
requiring  the  smallest  disc. 

Directly  under  the  receiver  and  supported  upon  the  same 
base  is  a  sender  for  dispatching  carriers  from  the  intermediate 
station.      It  is   similar  in  all   respects  to  the   sender   already 
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described  and  used  in  other  stations,  except  that  the  swin^inj^ 
section  of  tube  swings  about  a  vertical  instead  of  a  horizontal 

axis. 

Each  intermediate  station  is  arranged  to  be  cut  out  Avhenever 
it  is  deemed  desirable.  In  order  to  accomplish  this,  a  vault  is 
built  in  the  street  near  the  station,  in  which  is  located  a  set  of 
cut-out  switches  or  by-pass.     (Fig.  130.)     These  switches  are 


Fig.  131.— 8-Inch  Carrier. 

operated  electrically  from  the  station  near  by.  The  electric 
current  is  used  to  open  a  small  valve.  The  air  pressure  fur- 
nishes the  power  to  move  the  switclies. 

Carriers. 

I  have  already  spoken  of  the  carriers  whicb  contain  the  mail 

and  packages  during  transit  through  the  tube.     They  are  thin 

steel  cylinders,  closed  at  the  front  end  by  a  convex  disc  of  the 

same  material,  carrying  a  buffer  of  felt  and  leather.     The  rear 
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011(1  is  closed  by  ;i  liiiij^od  lid,  socurcMl  by  a  lock.  Tho  lock  on 
the  lid  consists  of  tlirco  radial  bolts  tliat  ])ass  tlironj^h  tho  sliell 
of  the  carrier  and  the  tlaii<j;e  of  the  lid  ;  they  are  moved  by 
three  eccentrics  mounted  on  a  common  shaft  that  is  turned  by 
a  lever  on  the  outside  of  the  b'd.  (l^'i^.  I'M.)  The  eccentric 
shaft  is  located  eccentrically  on  the  lid,  so  that  when  the 
handle  is  turned  in  the  unlocked  position  it  projects  beyond 
the  peri])hery  of  the  carrier.  In  the  locked  position  it  lies 
within  the  circumference  of  the  lid.  When  the  carrier  is  in 
the  tube  the  lid  cannot  become  unlocked,  for  the  handle  cannot 
turn  without  striking  the  Avails  of  the  tube. 

The  shell  of  the  carrier  is  24  inches  long  and  7  inches  in 
diameter.  It  is  surrounded  by  two  I  earing  rings  of  woven  cot- 
ton fabric,  specially  prepared,  and  clamped  between  metal  rings. 
These  bearing  rings  form  the  wearing  surface  as  the  carrier 
slides  through  the  tube.  When  they  are  new  they  fit  the  tube 
closely,  but  they  become  worn  uncil  they  are  a  quarter  of  an 
inch  smaller  in  diameter  than  the  tube.  A  carrier  will  run  from 
f  )ur  to  five  thousand  miles  before  these  rings  have  to  be  re- 
newed. Considerable  air  escapes  past  the  carriers  when  the 
rings  are  worn  small,  but  it  affects  tlieir  ve'ocity  very  little  and 
does  not  interfere  with  the  proper  working  of  the  system. 

An  empty  ca  rier  weighs  about  13  pounds,  and  when  filled 
with  mail  25  or  30  pounds,  sometimes  more. 

The  weight  of  our  carriers  is  a  very  important  factor  in  the 
operation  of  the  system,  for  the  life  of  the  bear.ng  rings  is  in- 
versely proportional  to  it,  and  the  em  rgv  stored  in  the  carriers 
by  virtue  of  their  velocity  is  directly  proportional  to  it,  which 
means  that  the  lighter  the  carrier  the  less  is  the  wear  and  tear 
on  the  whole  system. 

The  energy  of  a  carrier  weighing  30  pounds  and  moving  with 
a  velocity  of  50  feet  per  second  is  1,165  "  foot-pounds,"  suffi- 
cient to  do  considerable  damage  if  one  should  strike  a  solid  ob- 
ject. If  the  end  of  the  tube  were  turned  upward  and  the  car- 
rier allowed  to  come  out  freely  it  would  rise  nearly  forty  feet 
into  the  air. 

Layhuj  Tihes. 

Having  thus  briefly  described  the  special  apparatus  used,  let 
us  turn  our  attention  for  a  few  moments  to  the  work  of  con- 
struction in  the  streets. 
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Of  course,  it  is  desirable  that  the  tubes  should  be  laid  in  as 
nearly  a  strai«^ht  line  as  ])ossibie,  supported  upon  a  liriii  found a- 
tiou,  and  protected  from  inj^uy  by  displacement  or  frost.     To 
lay  them  in  a  straij^ht  line  for  any  c  -nsiderable  distance  in  the 
streets  of  our  cities  is  an  impossibility.     The  streets  themselves 
are   frequently   not   straight,  the   grade   of   the    streets   is   c<  n- 
stantly  changing,  and  our  tubes  must  occupy  space  not  already 
appropriated  for  other  purposes,  if  such   space    can   be   found. 
Most  of  you   are   more   or  less  familiar  with  the  underground 
constructions  in  the  streets  of  our  large   cities.     Almost  every 
foot  of  space  is  occupied  by  sewers,  water  pij^es,  steam  pipes, 
telegraph,  telephone,  and  electric-lighting  conduits,  police-  and 
fire-alarm  conduits,  trolley-railway  conduits,  house  connections, 
and  last,  but  not  least,  subways.     Then  bear  in  mind  that  all 
these  pipes  and  conduits  must  be  made  accessible  by  frequent 
manholes  that  occupy  a  greate:-  space  in  the  cross-section  of  a 
street  than  the  pipe  or  conduit  itself      Now  we  must  find  space 
for  our  pneumatic  tubes,  approaching  as  near  a  straight  line  as 
possible.     We  are  frequently   compelled  to  go  deep  to  avoid 
other  constructions ;  for  example,  the  tubes  recently  laid  in  this 
city  are  from  three  to  ten  feet  below  ilie  surface  of  the  street. 
The  dspth  and  direction  of  the  line  can  be  varied  by  making  a 
slight  angle  at  each  joint  of  not  more  than  48  minutes,  or  a  de- 
flection of  2  inches  in  12  feet,  which  is  usually  sufficient  to  avoid 
obstructions  when  the  trench  is  opened  half  a  block  in  advance. 
A  cast-iron  mandrel  is  used  in  laying  the  tubes  to  insure  smooth 
joints,  and  the  ability  to  pass  this  mandrel  through  the  joints 
limits  the  amoun!;  of  deflection  that  can  be  made.     The  mandrel 
is  18  inches  long,  one  sixty-fourth  inch  smaller  than  the  bore  of 
the  tubes  at  the  centre,  and  one-eiglith  inch  smaller  at  each  end. 
It  is  attached  to  the  end  of  a  long  rod  and  passed  through  each 
joint  when  the  tube  is  set  in  position,  and  again  after  the  joint 
is  cast  and  calked. 

The  joints  are  made  with  yarn  and  lead,  the  same  as  in  water 
and  gas  pipes.  Special  care  must  be  taken  to  insure  the  entrance 
of  the  mile  end  of  the  tubes  into  the  counter-bores.  Each 
length  of  tube  must  be  thoroughly  cleaned  on  the  inside  before 
it  is  put  into  the  trench.  The  tubes  are  supported  upon  block- 
ing in  the  trench  and  the  earth  is  firmly  rammed  about  them. 
No  other  support  is  used  unless  the  earth  is  loose,  in  which 
case  brick  piers  are  built  up  from  solid  ground.     The  brass 
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luuids  are  surrounded  with  eij^lit  inches  of  concrete  or  brick 
<;i()ut(Hl  witli  c(5nient  to  prot(M;t  them  from  injury,  "^riiey  are 
only  one-eighth  of  an  incli  thick  and  easily  injunul  by  a  pick  or 
sliovel  if  left  exposed.  ^I'Ik^  iron  tubes  are  coated  on  the  exterior 
with  tar  to  protect  them  from  oxidation. 

When  the  tubes  are  laid  in  the  ground  no  provision  is  made 
for  expansion  and  contrac  ion  o  her  than  the  yielding  of  the 
lead  joints,  but  in  the  lines  tliat  liave  been  laid  across  the  Brook- 
lyn Bridge  special  telescopic  joints  are  provided,  for  the  motion 
there  is  about  fourteen  inches  We  liave  also  1o  provide  ball- 
and-socket  joints  to  allow  a  slight  lateral  motion  where  the  ends 
of  the  bridge  join  in  the  centre. 

It  is  customary  to  place  drip-pots  at  all  low  points  in 
the  lines  to  collect  any  water  that  may  accumulate.  These 
drippols  have  a  blow-off  pipe  leading  up  to  a  surface 
box. 

In  order  to  locate  leaks  and  obstructions  in  the  tube  a  hole 
is  tapped  every  three  hundred  feet,  and  a  small  pipe  is  screwed 
in  and  led  up  to  the  surface  of  the  street,  terminating  in  a  sur- 
face box.  Thus  provision  is  made  for  attaching  a  pressure-gauge 
at  any  time  without  digging  up  the  street.  The  pressure,  if 
noted  simultaneously  at  several  points  along  the  tube,  is  a  guide 
in  locating  faults. 

After  the  construction  of  a  line  is  completed  the  time  arrives 
for  sending  the  first  carrier  through  a  tube,  and  this  is  an  event 
of  great  concern  for  all  who  have  taken  any  part  in  the  work, 
especially  for  the  engineers  who  have  been  in  charge  of  laying 
the  tubes  and  for  the  contractors  who  have  done  the  work. 
Even  the  capi.alists  who  have  invested  their  money  in  the  pipe 
so  securely  buried  under  ground  do  not  escape  a  feeling  of  un- 
rest until  the  first  carrier  has  made  its  appearance  at  the  far 
end  of  the  tube.  Then,  to  make  doubly  sure  that  there  are  no 
obstructions,  they  usually  ask  to  have  the  second  dispatched 
around  ihe  circuit. 

It  would  be  a  wonder  if  during  the  weeks  that  the  work  of  lay- 
ing the  tubes  is  in  progress  some  careless  workman  did  not  leave 
a  piece  of  wood  or  yarn  in  the  tube  to  be  brought  out  by  the  first 
carrier.  When  the  first  line  was  opened  in  New  York  a  piece 
of  wood  about  3  feet  long  came  out  in  front  of  the  carrier,  but, 
fortunately,  without  serious  injury  to  either  the  carrier  or  the 
apparatus.     At  the  opening  of  the  Boston  circuit  a  bundle  of 
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yarn,  such  as  is  us(h1  in  making  the  joints  of  the  tube,  was  the 
only  obstacle  in  the  path  of  the  carrier. 

She  of  Tubes. 

The  question  is  frequenth^  asked,  "How  large  a  tube  can  be 
constructed?"  The  reply  is  tliat  it  depends  entirely  upon  cir- 
cumstances. A  -i-foot  tube  or  tunnel  railway  was  built  in  Lon- 
don, but  it  proyed  a  failure.  For  postal  seryice  I  think  an 
8-inch  tube  large  enough,  and  it  giyes  a  more  rapid  seryice  than 
a  larger  tube,  besides  being  less  expensive  to  build  and  operate. 
If  the  carriers  were  much  larger  they  could  not  be  readily 
handled,  they  could  not  be  dispatched  so  frequently,  the  bear- 
ing rings  would  wear  out  more  quickly,  it  would  not  be  practica- 
ble to  dispatch  carriers  with  single  letters,  the  mails  would  haye 
to  stand  and  accumulate,  the  difficulty  of  laying  the  tubes  and 
of  getting  into  buildings  would  be  greatly  increased,  etc. 

There  may  be  localities  where  a  10-inch  or  even  12-inch  tube 
will  be  demanded.  There  will  be  no  difficulty  in  making  it 
operate.     It  is  purely  a  question  of  expediency. 

For  dispatching  messages  a  2  or  3-inch  tube  is  large  enough, 
as  has  been  demonstrated  abroad. 

Another  question  frequently  asked,  "What  is  the  limit  in 
length  that  a  line  can  be  operated?"  For  an  8-inch  tube  I 
should  not  adyise  building^  lines  more  than  four  or  five  miles  in 
length  without  a  relay  station.  The  distance  might  be  greater 
with  larger  tubes,  but  the  expense  of  operating  would  be  large. 
I  do  not  think  it  wise  to  use  pressures  aboye  25  pounds  j)er 
square  inch,  and  with  this  pressure  the  speed  will  decrease  as 
the  length  of  line  increases.  When  the  speed  becomes  low  we 
haye  lost  the  great  advantage  of  pneumatic  tubes.  The  longest 
line  that  we  have  built  thus  far  is  about  three  and  one-half 
miles,  between  the  General  Postoffice  and  Forty-fourth  Street, 
New  York. 

Lines  in  Operation. 

In  Philadelphia  there  are  two  tube  circuits  now  in  operation. 
The  first  is  the  6-inch  line  constructed  in  1892,  which  has 
already  been  described  at  the  beginning  of  this  paper. 

The  second  circuit  connects  the  General  Postoffice  with  the 
Pennsylvania  Railway  station  at  Broad  and  Fifteenth  Streets, 
with    an  intermediate    station    at  the   Reading   Railway  depot 
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Fig.  18;^.— Mail  Koom,  Heading  Kailwvy  Stai'io.x,  Philadelphia,  Showing 

Pneumatic-Tube  Apparatus. 

known  as  the  Reading  Terminal.  Tliis  circuit  consists  of  a 
double  line  of  S-iucli  tubes  la^d  from  the  General  Postoffice  along 
Tenth  Street  to  Filbert  Street,  and  out  Filbert  Street  to  the 
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Poiinsylvauiji  stjition,  whore  tlie  tubes  terminate  in  tlie  mail 
room,  on  the  train  floor.  The  distance  from  the  postofiiee  to 
the  Pennsylvania  station  is  4,500  feet,  requiring  9,000  feet  of 
tube.  The  carriers  cover  this  distance  in  one  minute  and 
twenty-five  seconds.  At  the  Heading  Terminal  the  sending  and 
receiving  apparatus  is  located  in  the  mail  room  underneath  the 
train  shed.  The  power  plant  for  operating  this  circuit  is  located 
in  the  power  house  of  the  Pennsylvania  Railroad  at  Sixteenth 
and  Filbert  Streets.  Two  duplex  Ingersoll-Sergeant  air  com- 
pressors are  installed,  but  only  one  is  used  at  a  time,  the  other 
being  kept  as  a  reserve.  These  compressors  consist  of  two  Cor- 
liss engines  with  air  cylinders  in  rear  and  in  line  with  the  steam 
cylinders.  (Fig.  123.)  The  air  pressure  used  is  6  pounds  per 
square  inch,  and  the  quantity  of  air  compressed  is  about  1,'200 
cubic  feet  per  minute,  the  compressor  running  at  a  speed  of  75 
revolutions  per  minute.  The  pressure  varies  with  the  number 
of  carriers  in  the  tube  at  any  given  time. 

Tlie  terminal  apparatus  used  at  the  Pennsylvania  station  con- 
sists of  a  sender  and  open  receiver,  at  the  General  Postoffice  a 
sender  and  closed  receiver,  and  at  the  Reading  Terminal  two 
intermediate-station  senders  and  receivers.  (F  g.  132.)  A  set  of 
cut-out  switches  are  located  in  a  vault  under  Filbert  Street, 
which  are  used  to  cut  out  the  Reading  station  from  the  main 
line  whenever  it  may  be  desirable. 

In  Boston  one  line  of  tubes  has  been  constructed  from  the 
General  Postoffice  to  the  North  Union  Railway  station,  by  way 
of  Devonshire  Street,  Spring  Lane,  Washington,  School,  Bea- 
con, Bowdoin,  Derne,  Temple,  Stamford,  and  Causeway  Streets. 
The  distance  between  the  stations  is  about  4,400  feet.  Two 
8-inch  tubes  are  used,  and  are  operated  from  the  power  plant 
located  in  the  basement  of  the  General  Postoffice.  Two  air 
compressors  are  installed,  one  being  kept  as  a  reserve.  (Fig.  134.) 
The  air  compressors  are  of  the  duplex  Corliss  type  built  by  the 
Rand  Drill  Company. 

The  tubes  terminate  at  the  Union  Railway  Station  (Fig.  133) 
in  the  mail  room  under  the  tower  at  the  southwest  corner  of  the 
building.  In  the  General  Postoffice  the  sending  and  receiving 
apparatus  is  located  on  the  mailing  floor.  The  time  of  the 
transit  of  the  carriers  betw^een  the  stations  is  about  one  minute 
and  thirty  seconds. 

Unusual  difficulties  were  met  in  laying  the  tubes  in  Boston, 
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owiiij^  to  tlio  ii.iriow  and  croolod  stroots,  wliicli  worci  already 
crowded  with  sewers,  ^ms  and  water  pipes,  electric  conduits,  etc. 
Tliis  necessitated  layinj^  the  tubes  deeper  i!i  the  ground  than 
would  otherwise  have  been  necessary. 

In  New  York  there  are  three  circuits  of  S-inch  pneumatic 
tubes  radiating  from  the  General  Postoffice. 

The  fiist  connects  the  General  Postoffice  with  Branch  Post- 
office  "  P  "  in  the  Produce  Exchange.  Tlie  tubes  are  laid  along 
Beekman,  William,  and  Stone  Streets,  a  distance  of  3,700  feet. 
The  outgoing  and  return  tubes  are  operated  by  a  single  air  com- 
pressor located  in  the  General  Postoffice,  the  same  as  the 
Philadelphia  and  Boston  circuits. 

Tlie  second  circuit  extends  frv-m  the  General  Postoffice  to 
Pos  al  Station  "H,"  at  Forty-fourth  Street  and  Lexington  Avenue, 
a  distance  of  three  and  one-half  miles,  with  intermediate  stations 
at  Branch  Postoffice  "  D,"  Third  Avenue  and  Eighth  Street, 
Branch  Postoffice  "Madison  Square,"  Twenty-third  Street  and 
Madison  Avenue,  aiid  Branch  Postoffice  "F,"  Third  Avenue  and 
Twenty-eighth  Street.  The  tubes  are  laid  along  Center  Street, 
Lafayette  Place,  and  Fourth  Avenue,  with  branches  in  Twenty- 
fourth  and  Twenty-eighth  Streets.  This  circuit  is  especially  in- 
teresting, as  it  is  the  longest  circuit  yet  constructed,  and  has  the 
largest  number  of  intermediate  stations.  The  north-bound  tube 
is  operated  by  an  air  compressor  in  the  postoffice,  and  the 
south-bound  tube  by  air  compressors  located  in  the  power-house 
at  Forty-fourth  Street  and  Depew  Place.  The  initial  pressure 
in  both  lines  is  12  pounds  when  no  carriers  are  in  the  tubes.  It 
frequently  rises  to  17  pounds  when  the  tubes  are  worked  to 
their  full  capacity.  Carriers  are  dispatched  at  intervals  of 
fifteen  to  eighteen  seconds,  and  it  frequently  happens  that  there 
are  fifty  or  sixty  carriers  in  the  line  at  the  same  time.  The 
apparatus  at  the  General  Postoffice  and  Branch  Postoffice  "  H  " 
and  at  Forty-fourth  Street  consists  of  a  transmitter  and  open 
receiver.  Two  sets  of  intermediate-station  sending  and  receiving 
apparatus  are  installed  at  Stations  "  D,"  '•  Madison  Square,"  and 
a  p  "  These  intermediate  stations  can  be  cut  out  of  the  main  line 
by  electrically  operated  switches  located  in  vaults  in  the  street. 
By  means  of  graduated  discs  placed  on  the  front  end  of  the 
carriers  mail  can  be  dispatched  from  the  General  Postoffice  to 
any  desired  station  on  the  line,  where  it  will  be  automatically 
discharged  from  the  tube.     The  speed  of  the  carriers  in  this  as 
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ill  all  the  otlier  circuits  is  about  tliirty  miles  per  hour,  requiring 
therefor  seven  minutes  for  the  carrier  to  go  from  the  General 
Postoffice  to  Forty-fourth  Street. 

The  third  circuit  extends  from  the  General  Postoffice  in  New 
York  to  the  General  Postoffice  in  Brooklyn  by  way  of  the  New 
Yo.k  and  Brooklyn  Bridge.  The  construction  of  this  1  ne  in- 
volved novel  features.  A  large  portion  of  the  tubes  is  in  an 
exposed  position  on  the  Bridge  (Figs.  136  and   137),  subject  to 


Fig.  135. — Expansiox  .Ioint  in  the  Pneumatic  Tube  at  the  CiiNTEr  of 
THE  New  York  and  Bkuoklyn  Bridge. 


the  vibration  of  that  structure  and  a  large  amount  of  expansion 
and  contraction  from  changes  of  temperature.  When  tubes  are 
laid  under  ground  no  special  proyisioii  is  made  for  expansion, 
but  on  the  Bridge  and  approaches  it  was  necessary  to  provide 
no  less  than  twelve  expansion  joints,  and  the  maximum  motion 
of  these  joints  at  the  centre  of  the  Bridge  is  about  14  inches. 
The  tubes  lie  along  the  railway  track,  supported  upon  iron 
brackets  clamped  fast  to  the  structure.  On  the  approaches  to 
the  Bridge  the  tubes  rest  on  rollers  in  each  bracket,  w^hich 
allows  freedom  of  motion  longitudinally. 
26 
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Fig.  186. — Pneumatic  Tubes  on  the  New  York  and  Brooklyn  Bridgp:, 
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Fig.  137. — Pmeumatic  Tubes  on  the  Brooklyn  Approach  of  the  New 

York  and  Brooklyn  Bridge. 
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The  expansion  joints  are  made  of  brass  tubing  sliding  through 
a  stuffing  box  (Fig  ISf).  Ba  land-socket  joints  are  placed  in 
the  tube  at  several  points  to  allow  of  a  slight  lateral  motion.  It 
was  found  that  the  Bridge  structure  deflects  a  considerable 
amount  under  the  load  of  a  passing  train  and  this  made  the  ball- 
and-socket  joints  necessary  where  the  Bridge  joins  the  abut- 
ments. The  east-bound  tube  is  operated  by  an  air  compressor 
in  the  New  York  Postoffice,  and  the  west-bound  tube  by  an  air 
compressor  in  the  Bro  )klyn  Postoffice.  The  initial  pressure  at 
each  end  is  about  6  pounds  per  square  inch,  and  the  time  of 
transit  of  the  carriers  between  the  two  postoffices  is  3  minutes, 
the  length  of  the  line  being  about  one  and  three-fourth  miles. 

The  entire  power  plant  in  the  New  York  General  Postoffice 
consists  of  4  duplex  air  compressors  driven  by  Corliss  engines. 
One  compressor  is  kept  in  reserve  and  can  be  used,  in  case  of 
accident,  to  operate  either  of  the  three  circuits. 
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MErnODS  OF  TESTING  IMJICA  TORS. 

BY    I).  8.  JACOBUS,  IIOBOKKN,    N.    J. 

(MciiilxT  of  tlie  Society.) 

The  attention  of  tlie  writer  bas  been  drawn  to  the  fact  that 
there  shoukl  be  some  uniform  method  of  testing  indicators, 
through  tests  which  he  recently  made  on  a  pair  of  indicators  in 
which  the  variation  of  the  correct  scale  from  that  marked  on  the 
spring  involved  a  large  sum  of  money  made  payable  by  a  con- 
tract. These  ind  cators  had  been  tested  b}^  using  a  mercurv 
column  as  a  stand  ird,  and  the  results  gave  a  widely  different 
scale  for  rising  and  falling  pressures ;  that  is,  there  were  double 
lines  obtained  in  the  test  diagrams  for  eacli  pressure,  t'le  lower 
line  being  for  a  rising  pressure  and  the  upper  line  for  a  falling 
pressure.  On  testing  these  indicators  with  the  tesLing  appa- 
ratus in  use  at  the  Stevens  Institute  of  Technology  there  were 
no  double  lines  traced  on  the  diagrams  except  for  one  of  the 
higher  pressures  with  one  of  the  indicators,  where  the  two  lines 
were  about  one  hundredth  of  an  inch  ap  irt  The  scales  of  the 
springs  were  much  more  uniform  for  the  various  pressures  than 
those  obtained  by  the  mercury  column,  and  the  differei  ce  be- 
tween the  scales  obtained  by  the  mercury  column  and  by  our 
method  As^as  a  large  one,  and  seemed  especially  so  when  the 
amount  of  premium  involved  in  the  contract  was  considered. 
In  view  of  the  fact  that  there  m  ly  be  a  difference  in  the  resuLs 
obtained  by  various  laboratories,  and  also  as  a  standard  method 
will  have  to  be  decided  on  in  the  report  of  the  com;nittee  ap- 
pointed to  codify  and  standardize  the  methods  of  making  engine 
tests,  it  may  be  well  to  describe  our  methods  in  detail,  and  solicit 
dis  ussion  on  the  same. 

The  method  we  have  adopted  in  testing  an  indicator  is  to 
regulate  the  pressure  to  some  given  amount  and  to  trace  two 
lines  with  the  indicator :  one  after  pressing  the  pencil  upward 

*  P  esent«  d  at  tlie  New  York  meetiMu-  (Decerabe' ,  1 89f^)  of  the  Aineiican  Society 
of  Mechanical  Engineers,  aod  forming  part  of  Volume  XX.  of  the  Transactions. 
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aiul  releasing  it,  and  the  other  after  pressing  it  downward  and 
releasing  it.  Before  taking  each  one  of  the  lines  the  indicator 
is  rapped  sharply  with  a  small  wooden  stick  in  order  that  the 
friction  shall  approach  the  friction  of  motion  Avhich  exists  when 
an  indicator  is  used  on  an  engine.  If  tlie  indicator  is  in  correct 
adjustment  the  two  lines  should  fall  one  over  the  other. 

In  testing  an  indicator  with  steam  pressure,  the  steam  is 
first  brought  to  the  maximum  pressure  to  which  the  indicator  is 
to  he  subjected,  and  the  indicator  cock  is  then  opened  and 
closed  a  number  of  times  in  order  to  heat  the  indicator.  The 
steam  pressure  is  then  released,  and  the  atmospheric  line  is 
taken  after  turning  the  indicator  cock  to  the  proper  position. 
Two  lines  are  traced  for  the  atmospheric  line  in  the  manner  al- 
ready described,  and  one  should  fall  over  the  other  in  the  same 
way  as  for  the  lines  taken  at  given  steam  pressures. 

Ordinarily  for  pressures  above  the  atmosphere  the  lines  are 
taken  for  increments- in  pressure  of  either  ten  or  twenty  pounds 
per  square  inch,  and  for  springs  of  a  light  scale  below  the 
atmosphere  at  intervals  of  two  or  thiee  pounds  per  square  inch. 

Indicators  should  be  tested  both  before  and  after  they  are 
used  on  an  engine,  or  other  trial.  One  object  of  testing  the 
indicators  before  the  trial  is  to  make  certain  that  there  is  no 
excess  of  friction,  which,  if  present,  will  form  double  lines  on 
the  test  diagrams.  If  double  lines  are  found  it  is  generally  due 
to  some  irregular  action  of  the  spring  in  either  throwing  the 
piston  of  the  indicator  out  of  line,  or  in  forcing  it  against  the 
side  of  the  cylinder.  All  tests,  therefore,  in  which  there  are 
widely  different  lines  for  increasing  and  decreasing  pressures, 
are  in  error  either  through  incorrect  adjustment  of  the  indi- 
cator, or  through  some  error  in  the  standard  used  in  measur- 
ing the  pressure.  A  mercury  column  will  often  give  incorrect 
results  when  used  in  testing  an  indicator  with  steam  pressure 
unless  it  is  allowed  to  stand  a  long  time  at  each  pressure  before 
taking  a  reading,  on  account  of  the  fact  that  a  considerable 
pressure  is  required  to  overcome  the  inertia  of  the  mercury  in 
the  column  if  the  latter  is  in  motion,  and  there  may  be  pulsa- 
tions which  will  affect  the  result.  We  at  one  time  employed  a 
mercury  column  in  the  form  of  a  glass  tube  containing  the  mer- 
cury, and  with  the  mercury  in  plain  sight  it  required  the  most 
delicate  manipulation  to  make  the  column  balance  at  a  given 
mark  for  a  long  enough  time  to  obtain  correct  results.     In  some 
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columns  tlie  height  of  mercury  is  Jeterraiiied  by  employing 
electric  contact  ])()ints,  and  tlio  linos  are  taken  on  the  indicator 
diagrams  Avhcn  the  top  of  tli(^  coliinin  of  mercury  touches  the 
contact  points,  no  effort  l)eing  made  to  bring  the  column  of 
mercury  to  a  standstill  in  taking  the  readings.  That  there  may 
be  a  large  error  in  calibi*ation  made  in  the  way  can  be  readily 
shown  by  running  the  column  at  two  greatly  different  speeds,  in 
which  case  the  results  will  not  agree  with  each  other. 

It  was  stated  in  my  paper  on  "  A  Comparison  of  the  Mean 
Effective  Pressure  of  Simultaneous  Cards,"  taken  by  different 
indicators,  presented  at  the  New  York  meeting,  December, 
1893,  that  there  should  be  no  great  difference  in  the  lines  for 
rising  and  falling  pressures  with  indicators  in  proper  adjustment. 
This  fact  has  been  verified  by  a  number  of  special  tests  made 
since  then,  some  of  which  were  published  in  the  "  Stevens  In- 
dicator "  of  April,  1894.  The  fact  that  the  lines  should  be  the 
same  for  rising  and  falling  pressures,  with  an  indicator  in  cor- 
rect adjustment,  when  proper  precautions  are  employed  as 
explained  later  on,  may  be  readily  verified  by  employing  the 
apparatus  described,  herein. 

The  apparatus  used  for  testing  indicators  at  ordinary  pres- 
sures above  the  atmosphere  is  shown  in  Fig.  138.  The  indicator 
is  placed  at  A  on  top  of  the  cylinder  B.  The  cylinder  B  is 
made  of  a  piece  of  6-inch  standard  pipe  about  two  feet  long. 
The  pressure  is  measured  by  means  of  a  plug  and  weight  device, 
C,  which  is  spun  around  so  as  to  eliminate  the  effect  of  friction. 
The  bottom  of  the  plug  is  at  the  same- level  as  the  pipe  I).  The 
U-shaped  pipe  E  is  filled  with  oil.  Before  starting  to  calibrate 
the  indicator,  the  pet-cock  i^is  opened  slightly,  in  order  to  allow 
any  air  in  the  pipe  G  and  the  siphon  H  to  escape.  The  siphon 
H  is  surrounded  by  water  contained  in  the  vessel  /,  which  con- 
denses the  steam  which  enters  it  through  the  pipe  D,  so  that 
when  all  the  air  present  is  allowed  to  escape  through  the  pet- 
cock  F,  the  pipe  G  and  the  siphon  II  will  be  filled  with  water, 
e/is  a  pet-cock  for  removing  any  water  that  may  collect  at  the 
bottom  of  the  siphon  E,  after  the  apparatus  has  been  in  use  for 
a  long  time.  The  pressure  is  adjusted  by  regulating  the  amount 
of  opening  of  the  valve  K  in  the  supply  pipe  Z,  which  furnishes 
steam,  water,  or  compressed  air  to  the  apparatus,  and  also  by 
adjusting  the  valve  Jf  in  the  escape  pipe  N.  0  is  a  valve  for 
renooying  any  water  which  may  collect  in  the  bottom  of  the  cyl- 
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inder  B  when  steam  is  used,  and  for  draining  out  tlie  water  after 
calibrating  an  indicator  under  hydrostatic  pressure.  The  pan 
of  the  plug  and  weight  device  O  is  limited  in  its  movement  hy 
means  of  a  fork  which  comes  in  contact  with  it  only  Avlien  the 
pan  is  in  the  extreme  positions  ;  the  two  prongs  of  this  fork  are 
shown  in  section  at  P  and  Q.  /?  is  a  gauge  for  showing  the  ap- 
proximate pressure.  The  readings  of  the  gauge  R  are  not  used 
in  testing  the  indicator,  but  as  general  guide  in  the  use  of  the 
apparatus.     The  diameter  of  the  plug  in   the   plug  and  weight 
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Fig.  138. 


device  (7  is  0.5  inch,  and  the  hole  in  the  bushing,  0.5005  inch. 
Both  the  plug  and  bushing  are  ground  true.  The  average  area 
of  the  plug  and  of  the  hole  in  the  bushing  is  used  in  calculating 
the  weight  required  for  a  given  pressure. 

In  the  apparatus,  arranged  as  just  described,  one  person 
adjusts  the  pressure  and  traces  the  lines  on  the  indicator 
diagram.  If  so  desired,  one  person  may  adjust  the  pressures, 
and  a  second  trace  the  lines  on  the  diagram.  To  arrange  the 
apparatus  for  this  purpose,  the  blow-off  pipe  from  the  valve  If 
is  led  to  a  point  near  the  valve  K,  and  a  second  valve,  for 
adjusting  the  rate  of  flow  through  the  blow-off  pipe,  is  placed 
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near  the  valve  K,  where  it  can  be  operated  conveniently  by  the 
2)arty  who  adjusts  i\n\  i)ressure.  The  apparatus  which  we  use 
is  arranged  in  tliis  way. 

Th(i  apparatus  is  similar  to  that  described  for  testing  ther- 
mometers at  temperatures  a1)ove  212  degrees  Fahr.  in  my  dis- 
cussion of  t]i(^  paper  by  Messrs.  Goubert  and  Peabody  on 
"  Throttling  Calorimeters,"  presented  at  the  New  York  meeting, 
December,  1895." 

In  testing  indicators  with  steam  pressure,  the  steam  is  brought 
to  the  maximum  j^ressure  to  which  the  indicator  is  to  be  sub- 
jected ;  the  indicator  cock  is  then  opened  and  closed  quickly  a 
number  of  times,  in  order  to  heat  the  indicator.  The  steam  is 
then  released  from  the  cylinder  /i,  and  the  atmospheric  line  is 
taken  after  turning  the  indicator  cock  to  the  proper  position. 
In  taking  the  atmospheric  line,  as  well  as  the  lines  for  any 
'other  pressure,  the  pointer  of  the  indicator  is  first  pressed 
upward,  and  then  reh  ased  and  a  line  taken,  then  pressed  down- 
ward and  released  and  a  line  taken,  the  indicator  being  rapped 
sharply  with  a  small  wooden  stick  before  taking  each  line,  as 
has  already  been  explained.  After  obtaining  the  atmospheric 
line,  steam  is  admitted  through  the  valve  K,  until  the  pan  and 
weight  device  is  balanced  while  being  rotated.  This  requires  a 
very  fine  adjustment,  and  the  line  is  not  taken  until  there  is  no 
tendency  for  the  plug  and  weight  device  to  either  rise  or  fall. 

An  apparatus  for  testing  at  pressures  higher  than  can  be 
carried  on  the  boilers  is  represented  in  Fig.  139.  It  consists  of  a 
pipe  A,  4  inches  in  diameter  and  about  8  feet  long,  placed  in 
a  slanting  position,  and  arranged  so  that  the  lower  end,  from  B 
to  C,  can  be  heated  by  means  of  Bunsen  burners.  The  pipe  D 
is  connected  to  both  a  water  and  steam  supply.  Water  is  first 
admitted  through  the  valve  E,  until  it  nearly  fills  the  gauge 
glass  F,  after  which  steam  is  admitted,  and  the  water  in  the 
pipe  A  is  heated,  and  the  pressure,  as  indicated  by  the  gauge 
G,  is  brought  to  that  of  the  entering  steam.  The  valve  E  is 
then  closed,  and  the  pipe  A  is  heated  by  means  of  the  Bunsen 
burners  until  the  desired  pressure  is  obtained.  The  pipe  // 
leads  to  a  plug  and  weight  device^  similar  to  the  one  shown  in 
Fig.  138.  The  indicator  is. placed  at  7.  In  the  calibration  the 
pressure  is  brought  to  slightly  above  the  maximum,  and  is  then 
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adjusted  by  opeuing  the  valve  J.  Tlie  first  line  taken  is  for  tlie 
highest  pressure,  and  immediately  after  taking  the  line  the  cock 
of  the  indicator  is  turned  and  the  atmospheric  line  is  traced  on 
the  diagram.  The  diagram  is  then  removed  from  the  indicator. 
Several  diagrams  are  taken  at  the  maximum  pressure,  after 
which  tlje  pressure  is  diminished  for  taking  the  other  lines  by 
adjusting  the  height  of  the  flames  of  the  Bunsen  burners,  and 
the  amount  of  opening  of  the  valve  J.  Two  lines  are  taken  for 
each  pressure,  in  the  same  way  as  described  for  the  apparatus 
shown  in  Fig.  138.      A"  is  a  screen  for  confining  the  heat  to  the 
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Fig.  139. 


lower  end  of  the  pipe  A.  The  upper  end  of  the  pipe  A  is 
encased  with  a  non-conducting  covering,  to  diminish  the  radia- 
tion. An  asbestos  shield  Is  placed  on  top  of  the  lower  end  of 
the  pipe  to  partly  confine  the  flames  of  the  Bunsen  burners  and 
thus  render  them  more  effective. 

The  apparatus  employed  in  testing  springs  used  under  a 
vacuum  is  shown  in  Fig.  140.  The  indicator  is  attached  at  A  to 
the  top  of  the  horizontal  cylinder  K.  The  pipe  B  leads  to  a 
vacuum  chamber  and  pump,  and  slopes  downward,  so  that 
no  water  can  collect  in  it.  The  amount  of  vacuum  is  regulated 
by  adjusting   the  valve   C,  leading   to   the   air   pump,  and   by 
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adiiiittiD*^  a  small  amount  of  air  through  the  pet  cock  D.  The 
vacuum  gauge  at  F  is  graduated  in  iuches  of  mercury  and  in 
pounds  per  scpiare  inch,  a  correction  being  made  in  the  scale 
for  the  amount  that  the  mercury  falls  in  the  vessel  A'  when  it 
rises  in  the  tube.  (J  is  a  chamber  for  condensing  any  steam 
which  may  pass  througli  the  valve  /,  and  thus  prevent  it 
from  condensing  on  top  of  the  mercury  in  the  gauge  /''.  The 
water  which  collects  in  G  is  drawn  off  through  the  pet-cock  //. 
The  height  of  the  mercury  cup  i^  is  adjusted  by  means  of  the 
screw  JJ,  so  that  with  no  vacuum  the  surface  of  the  mercury  is 
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on  the  same  level  as  the  zero  j^oiiit  of  the  scale.  There  is  a 
straight  edge  in  front  of  the  mercury  cup  S^  at  the  same  level  as 
the  zero  of  the  scale,  which  makes  it  easy  to  adjust  the  level  of 
the  mercury  to   the  proper  height. 

The  apparatus  may  also  be  used  for  testing  springs  at  pres- 
sures up  to  fifteen  pounds  above  the  atmosphere,  the  mercury 
column  R  being  used  for  this  purpose.  Where  a  spring  is  used 
for  both  a  slight  pressure  and  a  vacuum,  the  entire  calibration 
can,  therefore,  be  made  with  the  apparatus  shown  in  Fig.  110. 

In  measuring  a  pressure  above  the  atmosphere,  the  valve  /is 
closed  and  the  valve  «/ opened.  The  pressure  of  tlie  steam  acts 
then  on  the  water  contained  in  the  U-shaped  pipe  N^  and  is 


METHODS   OF   TESTING   INDICATORS.  411 

trausmittecl  tlirougii  the  hose  connection  P  to  the  water  in  the 
upper  part  of  the  closed  bottle  Q.  The  lower  part  of  the  bottle 
Q  is  filled  with  mercnrj,  and  when  the  pressure  increases,  this 
mercury  is  forced  upward  in  the  column  R.  The  height  of  the 
bottle  Q  is  adjusted  by  means  of  the  screw  T,  so  that  the  mer- 
cury is  brought  opposite  the  zero  line  of  the  scale,  a  straight 
edge  being  used  in  the  front  of  the  bottle,  at  the  same  level  as 
the  zero  line  of  the  scale,  as  in  the  case  of  the  vacuum  gauge  F. 
In  adjusting  the  bottle  Q  up  and  down,  the  glass  tube  forming 
the  column  moves  up  and  down  with  the  bottle  ;  this  tube  bears 
directly  against  the  scale  on  which  the  pressures  are  read. 
Should  the  pressure  be  accidentally  raised  to  such  an  extent 
that  the  mercury  will  be  blown  out  of  the  column,  the  mercury 
will  pass  through  the  rubber  hose  Finto  the  bottle  W. 

In  testing  the  indicator,  it  is  first  heated  by  means  of  steam, 
admitted  through  the  valve  K,  until  it  attains  Avhat  is  considered 
to  be  about  the  average  temperature  to  which  it  will  be  sub- 
jected in  the  test.  Two  lines  are  taken  at  each  pressure,  and 
all  other  details  in  making  the  tests  are  the  same  as  have  already 
been  described. 

It  has  been  already  stated  that  proper  precautions  must  be 
employed  in  tests  of  indicators  in  order  to  obtain  lines  which 
shall  be  the  same  for  rising  and  falling  pressures^  There  may 
be  a  difference  found  in  the  lines  for  rising  and  falling  pressures 
if  there  is  a  great  difference  in  the  temperature  of  the  j^arts  of 
the  indicator  above  the  piston  in  taking  the  two  lines,  whereas 
if  the  temperature  is  made  about  the  same  for  each  line  then 
one  line  will  fall  over  the  other.  Double  lines  may,  therefore, 
be  obtained  by  starting  with  a  cold  indicator  and  increasing  the 
pressure  quickly  before  taking  a  line,  then  raising  the  pressure 
to  the  maximum  amount  and  decreasing  it  quickly  before  taking 
a  second  line.  The  difference  between  the  lines  taken  in  this 
way  with  an  indicator  in  correct  adjustment  will  vary  from 
about  one  hundredth  to  a  fiftieth  of  an  inch  with  a  sixty-pound 
spring.  If,  however,  the  pressure  is  maintained  for  a  short 
time  at  a  constant  figure  before  taking  each  of  the  lines,  the 
lines  will  fall  one  over  the  other.  If  an  indicator  is  tested  with 
an  increasing  pressure  without  heating  it  before  commencing 
the  tests,  the  variation  of  the  temperature  in  the  spring  will  be 
much  greater  than  that  which  would  occur  if  the  indicator  were 
used  for  taking  an  indicator  card  from  an  engine,  and  it  is  to 
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correct  us  nearly  as  ])ossil)lo  finy  error  due  to  this  cause  that 
tlie  indicator  is  brouglit  to  about  the  average  temperature  in 
our  tests  before  taking  the  atmospheric  line. 

A  special  test  which  can  be  made  to  show  that  there  should 
not  be  a  difference  in  the  lines  for  rising  and  falling  pressures, 
and  to  show  that  tlie  results  obtained  by  our  method  of  testing 
agree  with  those  in  tests  where  the  pressure  acting  on  the  indi- 
cator is  changed  quickly  over  the  entire  range,  as  is  the  case 
when  an  indicator  is  used  on  an  engine,  is  as  follows  :  The  indi- 
cator is  subjected  to  a  higli  pressure  at  the  start,  and  the  pres- 
sure is  lowered,  and  a  line  taken  at  a  falling  pressure.  The  in- 
dicator cock  is  then  turned  quickly  so  as  to  reduce  the  pressure, 
in  the  indicator  to  that  of  the  atmosphere,  and  is  immediately 
opened  again,  and  a  second  line  taken  at  the  given  pressure 
which  will  be  a  line  for  a  rising  pressure.  As  the  temperature 
of  the  spring  and  mechanism  is  not  changed  the  two  lines  will 
fall  one  over  the  other,  thus  proving  that  the  same  line  is  ob- 
tained for  a  rising  and  falling  pressure.  The  atmospheric  line 
is  then  taken  before  the  indicator  has  cooled  appreciably.  The 
scale  determined  in  this  way  will  be  found  to  be  the  sams  as 
that  obtained  b}"  employing  the  method  which  has  been  adopted 
in  our  tests.  In  all  tests  of  indicator  springs  five  or  more  cards 
are  taken,  and  the  average  of  the  ordinates  from  these  cards  are 
employed  in  calculating  the  scales. 

Table  I.  gives  the  results  of  tests  made  on  an  indicator  spring 
by  employing  our  usual  method,  with  the  exception  that  some 
of  the  tests  were  made  at  a  decreasing  pressure  in  order  to 
show  that,  when  proper  precautions  are  taken,  the  results  will 
be  the  same  as  for  increasing  pressures. 

The  scale  of  this  spring  when  the  pressure  was  varied  quickly 
from  the  atmosphere  to  100  pounds  per  square  inch,  obtained 
by  the  special  test  which  has  just  been  described,  was  57.5  pounds, 
which  agrees  with  the  result  given  in  Table  I.;  the  average  of 
four  cards  which  practically  agreed  with  each  other  was  used  in 
computing  the  scale  obtained  by  the  special  test. 
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TABLE  I. 
Tkst  of  Indicator  SnaNo,  with  Increasing  and  Decreasing  Pressures. 


Conditions. 


Pressure  increasing 


Pressure  decreasing 


No. 

of 

Card. 


Average 

Scale  of  spring 

Distance  from  20  lb.  line  to 
lines  at  the  higher  pres- 
sures   

Scales  starting  from  20  lb. 
line* 


DisTANCK  IN  Inches  from  Atmosphkiuc  Link  to 
PkkssukesGivkx  Below.  Pkessuuks  in  Pounds 
I'EU  Square  Inch. 


20 


.35;> 
.365 
.375 

.360 
.355 
.355 

..•]60 
55.6 


40 


.70) 

.710 
.710 

.705 
.710 
.695 

.705 
50.7 


.345 

57.9 


CO 


1.050 
1.065 
1 .  050 

1.065 
1.055 
1.055 

1.057 
56.8 


.697 
57.4 


80 


1.395 
1.405 
1.405 

1.400 
1.410 
l.;;95 

1.402 
57.1 


100 


1.7:%5 
1.745 
1.750 

1 .  730 
1 .  750 
1.730 

1.740 
57.5 


1 .  042        1 .  380 
57  6         58.0 


*Tlie  scales  Ptartiiifr  from  some  line  higher  tiiaii  Ihe  atlno^phere  are  used  where  back-pressure 
line  of  the  indicator  card  i<  above  the  atmosphere,  as  in  the  high-])ressure  cylinder  of  a  compound 
i-nirine.  The  scales  measured  from  a  line  above  the  atmosphere  in  this  way  are  often  more  uni- 
form than  those  starting:  fro'n  the  atmospheric  line  on  accoun'  ol  the  end  ])ieces.  which  lit  over 
the  indicator  spring,  hecoming  worn  so  that  the  spring  does  not  l)ear  properly  at^ainst  them  until 
there  is  a  certain  amount  of  pressure  acting  on  the  piston  of  the  indicator.  I'his  was  the  case  for 
the  iudicator  spring  for  which  the  calibrations  are  given  in  the  table. 


DISCUSSION. 

}f/\  A.  J/.  Matt  ice.  — The  method  proposed  bj  the  author  in- 
troduces a  very  objectionable  personal  element,  viz.  :  Pressing 
the  pencil  up  ( or  down;  and  releasing  it.  It  needs  but  a  mo- 
ment's experimenting  to  prove  to  anybody  that  by  careful 
manipulation  in  this  respect  widely  varying  results  may  be 
produced.  If  the  pencil  be  pressed  down  but  a  very  little  way 
it  will  not  return  as  far  as  if  it  were  pressed  down  farther  before 
being  released.  Besides,  if  pressed  down  a  certain  amount, 
found  by  trial,  it  will  return  beyond  the  point  of  frictionless 
equilibrium  and  remain  there.  A  little  manipulation  can,  tin  re- 
fo:e,  not  only  show  that  the  indicator  is  apparently  frictionless, 
but  that  it  has  negative  friction,  if  such  a  term  may  be  used. 
This  is,  in  fact,  shown  by  the  author's  Table  I.  In  the  column 
for  20  pounds  pressure,  the  distances  from  the  atmospheric  line 
shown  by  the  three  cards  for  increasing  pressure  are  0.350,  0.365, 
and    0.375    inch,  respectively,    or    an    average    of  0.363    inch ; 
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while  for  decreasing  })ressures  tlu^y  are  0.3G0,  0.355,  and  0.355 
inch,  or  an  average  of  0..'>57  incli.  Here,  apparently,  the 
indicator  piston  did  not  lag  behind  on  account  of  frictional  re- 
sistance, but  was  actually  pushed  farther  ahead,  by  some  means, 
than  the  average.  The  same  anomaly  occurs  in  the  40-pound 
and  100-pound  column,  while  in  the  OO-pound  column  the  figures 
show  that  the  friction  acted  as  a  retarding  force,  as  we  ordi- 
narily ex])erience  it,  rather  than  as  an  accelerating  agent.  These 
difi*erences  were  probably  due  to  slight  differences  in  manipula- 
tion ;  possibly  so  slight  as  to  be  unnoticed  by  the  operator. 
A  careless  operator  could,  by  this  method,  easily  produce  very 
incorrect  results ;  while  an  expert  operator,  if  inclined  to  be 
dishonest,  could  show  the  indicator  scale  to  be  greater  or  less, 
apparently,  than  the  true  scale,  according  as  it  might  suit  his 
interests. 

Another  objection  to  the  proposed  method  is  the  introduction 
of  the  wholly  artificial  element  of  rapping  the  instrument  to 
assist  the  spring  in  overcoming  the  frictional  resistances.  This, 
undoubtedly,  aids  in  showing  what  the  true  value  of  the  spring 
would  be  if  unhampered  by  the  ]3iston  and  other  mechanism. 
But  what  we  wish  to  know  for  practical  purposes  is  the  true  scale 
of  the  spring  under  the  necessary  conditions  of  actual  working. 
Testing  indicators  by  any  method  must  introduce,  to  a  greater 
or  less  extent,  some  artificial  conditions,  but  it  seems  to  me  that 
the  author's  method  of  rapping  the  indicator  will  show  a  greater 
error  in  one  direction  than  existing  methods  show,  if  any,  in  the 
opposite  direction.  That  the  indicator  piston  does  lag  behind, 
and  shows  too  high  a  pressure  in  falling  lines,  and  vice  versa, 
is  well  known  to  those  who  use  the  indicator.  An  extreme 
case,  which  is  often  experienced,  is  where  the  indicator  is  so 
"  sticky  "  as  to  show  a  ragged  expansion  line.  Any  one  who  has 
access  to  an  engine  wdiich  will  show  identical  cards  for  an  in- 
definite length  of  time — such,  for  instance,  as  a  moderate  speed- 
pumping  engine  working  against  a  constant  head — can  easily 
prove  the  lag  of  the  indicator  as  follows  :  Get  an  indicator  which 
is  as  nicely  adjusted  as  possible.  Now  fit  to  this  indicator 
another  piston  which  will  give'  considerable  friction ;  not  so 
much  as  to  make  it  "  sticky,"  but  within  ordinary  practical 
limits.  Take  several  cards  with  one  piston  and  then  with  the 
other,  using  the  same  spring  in  both  cases.  The  piston  having 
the  greater  friction  will  invariably  show  the  higher  expansion 
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line.  If  the  indicator  were  rapped  while  in  use,  it  would  prob- 
ably slioAv  a  more  correct  card,  but  some  automatic  arrangement 
should  be  furnished  for  rapping  it  with  sufficient  frequency  to 
make  the  results  compare  with  the  rapping  while  testing  at  a 
stationary  pressure. 

As  to  the  inaccuracy  of  testing  from  a  mercury  column,  which 
the  author  speaks  of,  due  to  the  inertia  of  the  mercury,  I 
would  say  that  if  it  is  attempted  to  bring  the  mercury  column 
to  rest,  this  trouble  will  always  appear.  But  when  the  pressure 
is  constantly  increased  or  decreased  at  an  approximately  uni- 
form slow  rate,  the  error  is  inappreciable.  This  can  be  readily 
done  where  the  electric  contact  method  is  used.  The  errors  due 
to  differences  of  speed  of  testing  with  the  mercury  column  are 
likewise  too  small  to  be  noticeable  unless  excessive  speeds  be 
used.  A  very  convenient  speed  is  an  increase  or  decrease  of  20 
pounds  pressure  per  minute.  I  have  never  attempted  to  deter- 
mine accurately  how  long  it  takes  for  the  electric  device  to  draw 
the  record  line,  but  it  is  less  than  one-fifth  of  a  second.  But, 
assuming  it  to  be  fully  one-fifth  of  a  second,  with  the  mercury 
rising  20  pounds  per  minute,  a  60-pound  spring  would  advance, 
while  the  pencil  is  in  contact  with  the  paper,  the  ^^tf  lt>st>rt  of  an 
inch.  This  is  narrower  than  a  fine  pencil  line,  and  could  not 
be  noticed.  Even  double  this  rate,  or  40  pounds  per  minute, 
would  not  bring  the  error  within  the  range  of  observation.  A 
practically  constant  rate  of  rise  or  fall  of  the  mercury  column 
is  easily  produced  by  using  a  very  small  steam  valve  with  a 
stop  to  limit  its  opening. 

One  frequent  source  of  error  should  be  provided  against  when 
testing  from  the  mercury  column,  viz.  :  When  the  testing  is  done 
slowly,  the  indicator  is  not  kept  at  the  same  temperature  as  in 
practical  use.  This  can  be  easily  corrected  as  follows :  Let  the 
indicator  have  two  connections  :  one  direct  to  the  testing  appara- 
tus, and  a  by-pass  connection  to  the  source  of  steam  pressure. 
After  the  apparatus  has  drawn  a  record  line  on  the  card,  shut 
the  indicator  off  from  the  apparatus,  connect  it  to  the  high-pres- 
sure steam,  and  work  it  up  and  down  several  times,  reconnect- 
ing it  to  the  apparatus  sufficiently  before  the  pressure  reaches 
the  next  record  point. 

I  fully  agree  with  the  author  as  to  the  desirability  of  a  greater 
uniformity  in  the  testing  of  indicators,  but  the  greatest  care 
should  be  taken  to  introduce  as  few  artificial  elements  as  possible, 


416  METHODS    OP   TESTING    INDICATORS. 

and  to  eliminate  the  personal  e([ nation  as  fjir  as  it  can  be 
done. 

Prof.  F.  C.  Wdijncr. — There  is  oni;  point  in  Professor  Jacobus's 
paper  which  does  not  ai^reo  with  my  own  experience.  He  states 
that  in  testing  an  indicator  hot  it  should  first  bo  subjected  to 
a  steam  pressure  equal  to  the  maximum  pressure  used.  In 
another  place  he  states  that  the  indicator  should  be  brought  to 
the  average  temperature  to  which  it  is  subjected  in  the  test. 

A  number  of  years  ago  I  made  so.ne  tests  to  determine  just 
what  the  temperature  reached  by  an  indicator  spring  was  when 
different  steam  pressures  were  beneath  the  piston.  The  pencil 
motion  and  piston  rod  were  removed  from  an  indicator,  and 
with  the  piston  and  spring  in  place,  a  thermometer  was  inserted 
to  measure  the  temperature  of  the  space  directly  above  the 
piston  In  every  case,  no  matter  what  the  steam  pressure,  the 
temperature  was  constant  and  about  212  degrees  Fahr. 

The  reason  for  this  is  that  the  sj)ace  is  filled  with  steam  at 
•atmospheric  pressure  which  has  leaked  past  the  indicator  piston. 
The  amount  so  leaking  is  usually  small  enough  so  that  any 
superheat  which  might  be  due  to  throttling  is  given  up  to  the 
cylinder  walls  of  the  indicator  before  the  steam  comes  into  con- 
tact with  the  spring. 

Consequently,  it  makes  no  difference  what  pressure  of  steam 
is  used  to  heat  up  an  indicator  S23ring  preliminary  to  a  liot  test, 
so  long  as  it  is  greater  than  atmospheric. 

In  this  connection  it  is  worth  w^hile  to  consider  the  conditions 
which  obtain  when  an  indicator  is  used  upon  the  low-pressure 
cylinder  of  a  condensing  engine.  During  a  portion  of  the  time 
the  pressure  is  above  the  atmosphere,  and  during  the  remainder 
it  is  below.  There  is  first  a  puff  of  steam  against  the  indicator 
spring,  and  then  a  draught  of  air  from  the  room  as  air  is  sucked 
into  the  indicator.  The  temperature  reached  by  the  spring  is 
evidently  somewhat  between  the  temperature  of  the  room  and 
212  degrees  Fahr.,  depending  upon  the  proportionate  lengths  of 
time  during  which  a  pressure  or  a  vacuum  exists  under  the 
indicator  piston.  By  actual  measurement  I  have  found  tem- 
peratures varying  from  110  degrees  to  160  degrees  Fahr.  in  dif- 
ferent cases. 

When  the  indicator  works  entirely  upon  a  vacuum  the  tem- 
perature of  the  spring  may  be  taken  as  that  of  the  surrounding 
air. 
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Prof.  JF.  F.  M.  Goss. — An  arrangement  for  testing  indicators 
l)y  means  of  steam  pressure,  wliicli  has  given  satisfactory  results 
in  the  engineering  laboratory  of  Purdue  University,  is  shown  by 
Fig  14 1 .  This  apparatus  has  been  in  use  for  several  years  past 
for  checking  indicators  and  thermometers.  It  consists  of  a 
4-inch  steam  drum,  having  a  steam  supply  pipe  at  one  end  and 
a  discharge  pipe  at  the  other  end.  At  intervals  throughout  its 
length  are  fittings  to  which  indicator  cocks  and  thermometer 
plugs  may  be  attached,  only  two  of  wliicli  are  shown  in  the 
figure.  The  length  of  the  pipe  is  such  that  two  or  more  indi- 
cators may  be  tested  at  the  same  time.     The  steam  supply  pipe 


^K,  OUTLET  UNDER 
AUTOMATIC 
CONTROL 


Fig.  141. 


has  attached  to  it  an  ordinary  lubricator,  and  the  discharge 
opening  is  controlled  by  an  automatic  valve  which,  when  set  for 
a  given  pressure,  serves  to  maintain  that  pressure  within  the 
4-inch  steam  drum. 

The  automatic  control  will  be  better  understood  by  reference 
to  Fig.  142.  Its  principal  feature  consists  of  a  cylinder  and 
plunger  made  by  the  Crosby  Steam  Gauge  and  Yalve  Company, 
and  similar,  except  as  to  external  dimensions,  to  the  cylinder  and 
plunger  employed  by  that  company  in  their  standard  "  Gauge 
Tester,"  and  similar,  also,  to  that  employed  by  Professor 
Jacobus  in  the  apparatus  described  by  him  ;  that  is,  the  pressure 
within  the  drum  has  access  to  a  plunger  of  known  area,  which 
plunger  is  loaded  by  the  application  of  weights  to  a  weight 
27 
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holder.  But  tlie  apparatus  under  consideration  is  different 
from  the  others  to  which  reference  lias  been  made,  in  that  the 
plunger  not  only  serves  to  determine  the  pressure  within  the 
drum,  but  that  it  also  acts  automatically  to  maintain  the  same 
constant.  Tliis  is  accomplished  by  having  the  plunger  uncover 
a  port,  the  form  of  which  is  such  as  will  give  an  increase  in  the 
area  of  the  port-opening  as  the  plunger  rises.  The  port  is 
small,  and  the  passages  leading  to  the  cylinder  are  large,  so  that 
tlie  movement  of  steam  under  the  plunger  does  not  measurably 


Fig.  142. 


affect  its  pressure.  The  plunger,  therefore,  with  the  load  it 
may  carry  on  the  weight  holder,  can  be  maintained  in  balance 
by  the  pressure  of  steam  only  when  the  pressure  is  constant. 
If  an  excess  of  steam  is  admitted  to  the  steam  drum  the  plunger 
rises,  and  in  so  doing  gives  a  larger  outlet.  If  the  supply 
diminishes,  the  outlet  opening  is  diminished.  The  arrangement 
constitutes  a  pressure-regulating  valve  which  responds  to  dif- 
ferences of  volume,  the  pressure  remaining  at  all  times  constant. 
The  purpose  of  the  small  drain  between  the  plunger  cylinder 
and  the  steam  drum  (Fig.  141)  is  to  carry  off  the  water  of  con- 
densation which,  if  allowed  to  pass  the  automatic  valve,  gives 
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rise  to  unsteadiness  in  its  action.  Tlio  lubricator  on  tlie  steam 
pipe  serves  to  lubricate  both  the  indicator  pistons  and  tlie 
plunger  of  the  automatic  valve. 

In  using  this  apparatus  the  indicators  are  attached  to  the 
drum,  the  drum  warmed,  the  small  drain  (Fig.  141)  is  slightly 
ojoened,  weights  representing  the  desired  pressure  are  placed 
upon  the  weight  holder,  the  lubricator  started,  and  steam 
gradually  turned  on  to  the  supply  pipe,  the  weight  pan  being 
rotated  meanwhile.  "When  the  weight  holder  floats  freely  be- 
tween stops,  the  indicator  cocks  are  opened  and  records  made 
similar  to  those  described  by  Professor  Jacobus.  Additional 
weight  is  then  placed  upon  the  weight  holder,  and  the  process 
repeated  for  a  new  pressure. 

I  would  add  that  for  testing  indicators  cold  the  Crosby  gauge 
tester  seems  to  serve  every  purpose. 

Professor  Jacohus.^ — The  objection  raised  by  Mr.  Mattice  to 
the  method  of  pressing  the  pencil  of  the  indicator  up  and  down 
and  releasing  it  does  not  hold,  because  an  indicator  in  correct 
adjustment  will  give  the  same  line  after  the  pencil  has  been 
pressed  upward  as  it  will  after  it  has  been  pressed  downward, 
when  the  indicator  is  rapped,  as  described  in  the  paper,  irrespec- 
tive of  the  amount  of  pressure  exerted  on  the  pencil. 

Pressing  the  pencil  up  and  down  and  releasing  it  is  simply  a 
test  to  make  certain  that  the  friction  of  the  indicator  does  not 
affect  the  readings,  and  an  indicator  should  not  be  used  if  such 
irregularities  as  are  described  by  Mr.  Mattice  are  found  to 
exist. 

The  scale  obtained  in  the  manner  described  in  my  paper  by 
pressing  the  pencil  up  and  down  will  be  the  same  for  an  indi- 
cator in  correct  adjustment  as  the  scale  obtained  by  rapping 
the  indicator  without  pressing  the  pencil  up  and  down.  It  is 
necessary,  however,  to  press  the  indicator  up  and  down  in  tak- 
ing each  line  even  after  the  indicator  has  been  found  to  be  in 
correct  adjustment,  because  the  friction  may  increase  at  any 
moment  through  oil  being  blown  from  the  piston  or  from  other 
causes,  and  the  results  may  be  affected  thereby.  The  statement 
that  by  careful  manipulation  widely  varying  results  may  be 
obtained  applies,  therefore,  only  to  indicators  which  are  not  in 
correct  adjustment,  and  indicators  in  this  condition  should  be 
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adjusted  so  tliat  constant  rcsulls  ai-(^  obtained  before  proceeding 
to  use  tlu^ni. 

Mr.  Mattice  states  that  then;  may  be  errors  from  pressing  the 
pencil  up  and  down  wliich  ma}^  make  it  appear  that  tlie  indic^ator 
has  negative  friction,  and  says  that  this,  in  fact,  is  shown  by  my 
table  giving  the  results  of  thc^  calibration  of  a  spring.  This  can- 
not occur  in  an  indicator  in  correct  adjustment,  as  has  already 
been  explained,  and  it  is  not  shown  by  the  table.  In  taking 
each  line,  for  which  measurements  are  given  in  the  tal)le  for 
both  increasing  and  decreasing  pressures,  the  pencil  was  pressed 
up  and  down,  and  two  lines  were  taken,  as  described  in  the  paper, 
and  these  two  lines  fell  directly  one  over  the  other.  The  fric- 
tion of  the  indicator  does  not,  therefore,  enter  the  results  given 
in  the  table,  and  no  argument  as  to  the  effect  of  friction  in 
the  indicator  can,  therefore,  be  based  on  the  differences  found. 
Furthermore,  the  differences  in  the  average  heights  given  in  the 
table  of  the  lines  at  the  increasing  pressure  and  those  of  the  lines 
at  decreasing  pressures  are  less  than  the  probable  error  of  the 
averages  themselves  ;  hence,  for  this  reason  alone,  Mr.  Mattice  is 
in  error  in  basing  an  argument  on  the  differences  in  the  way  he 
has  done.  The  differences  of  the  averages  for  increasing  and 
decreasing  pressures  for  the  heights  of  the  lines  at  20,  40,  60, 
80,  and  100  pounds  per  square  inch  above  the  atmosphere  line 
are  .006,  .004,  .003,  .000,  and  .006  inch,  respectively.  As  the 
readings  are  taken  to  the  nearest  .005  inch,  there  may  be  differ- 
ences of  this  amount  between  the  averages  even  if  all  the 
measurements  are  accurately  taken,  and  there  is  no  accidental 
variation  in  the  lines  themselves.  This  amount,  or  .005  inch,  is 
about  equal  to  the  maximum  difference  between  the  averages. 
As  t'  ere  may  be  accidental  variation  in  the  liues  themselves,  due 
to  the  differences  in  the  amount  that  the  parts  of  the  indicator 
are  heated,  etc.,  there  may  be  greatsr  differences  than  .0'!5  inch 
with  all  the  measurements  accurately  taken.  This  makes  it  still 
more  apparent  that  the  differences  between  the  readings  for 
increasing  and  decreasing  pressures  found  from  the  table  are 
too  small  to  form  the  basis  of  an  argument. 

Another  objection  raised  by  Mr.  Mattice  is  the  rapping  of 
the  indicator  in  testing  the  spring,  in  order  to  reduce  the  fric- 
tion, on  the  ground  that  vrhat  we  wdsh  to  know  for  practical  pur- 
poses is  the  true  scale  of  the  spring  under  the  natural  conditions 
of  working.     I  have  made  tests  to  show  that  the  true  scale  of 
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the  spring  under  working  conditions  will  be  given  by  the 
method  described  in  the  paper,  in  which  the  indicator  is  rapped 
in  order  to  reduce  the  friction.  My  experiments  also  show 
that  Avith  an  indicator  in  correct  adjustment,  the  indicator  piston 
does  not  lag  behind  to  any  appreciable  extent  and  sJiow  too 
high  a  pressure  in  falling  lines,  and  vice  versa.  Mr.  Mattice 
states  that  the  piston  having  the  greatest  friction  will  invariably 
have  the  higher  expansion  line,  and  describes  an  experiment  to 
bear  him  out.  No  such  variations  in  the  heights  of  the  expan- 
sion line  can  be  found  with  indicators  in  correct  adjustment 
which  will  meet  the  requirements,  as  to  friction,  viz.  :  that  there 
shall  be  no  double  lines  on  the  test  diagram  when  obtained,  as 
described  in  my  paper.  The  results  of  my  experiments  to  prove 
this  fact  are  given  in  Tables  A  and  B.  In  these  experiments 
the  indicator  cards  were  taken  simultaneously  with  two  indica- 
tors, which  are  designated  A  and  B  in  the  tables.  The  adjust- 
ment of  the  indicator  A  was  the  same  in  taking  all  of  the  cards. 
Three  pistons  of  different  sizes  were  used  in  the  indicator  B. 
One  of  these  was  made  to  fit  as  tightly  as  possible  without 
causing  double  lines  on  the  test  diagram.  This  piston  was  a 
much  better  fit  than  the  pistons  usually  furnished  with  new 
indicators.  The  second  piston  used  was  slightly  less  than  one 
one- thousandth  of  an  inch  smaller  than  the  first  piston,  and  the 
third  piston  was  made  three  one-thousandtlis  of  an  inch  smaller. 
These  pistons  are  designated  as  "  Tight,  '  "  Medium,"  and 
"Loose"  in  the  table.  An  extra  set  of  holes  was  drilled 
through  the  casing  of  the  indicator  in  order  to  allow  the  steam 
which  leaked  by  the  "  Loose  "  piston  to  escape  from  the  indi- 
cator without  producing  an  appreciable  back  pressure  on  top 
of  the  piston. 

Table  A  gives  the  mean  heights  of  the  expansion  lines  of  the 
cards  measured  above  the  atmospheric  line  and  tlie  ratios  of  the 
average  heights  given  by  the  indicator  B  to  the  heights  given  by 
the  indicator  A.  With  the  "  Tight  "  piston  used  in  the  indicator 
B  the  ratio  was  1.10;  with  the  "Medium"  piston,  1.11,  and 
with  the  "Loose"  piston,  1.10.  The  constancy  of  these  ratios 
proves  the  fact  that  there  were  no  differences  produced  in 
the  expansion  line  by  altering  the  size  of  the  pistons  in  the 
indicator  B. 

The  indicator  cards  were  obtained  from  an  engine  in  which 
the  cut-off  was  about  one-fourth  stroke   and  the  initial  steam 
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TAHLE  A. 

Mean  Heights  and  Phessurks  Duiung  Expansion,  fuom  Indicator  Cards 
Taken  Simultankously  with  Two  Indicators  Designated  as  A  and  Ji 
IN  THE  Tablk. 

Mean  hcij^lits  int'asiirt'd  above  the  atmosplioric  liii08of  Mie  indicator  cards  to  the  expansion  lines. 
Th(^  leuKtii  of  the  portion  measured  in  eaeli  card  was  7l:i  per  cent,  of  the  lenjjth  of  the  card.  'J'iie 
indicator  A  was  in  tl)e  same  adjustment  in  ail  the;  tests.  A  "Ti{;lit,"'  "  Medium,"  and  a  "  Loo.«e,"' 
piston  wore  used  in  the  indicator  Ji.  the  •'  Medium  "  and  "  Loose  "  pistons  being  .(X)l  and  .0(J3  incli, 
respectively,  smaller  in  diameter  than  the  "Tight"  piston. 


MEAN  HEIGHTS  IN  INCHES. 

Number  of  Set   of 
Cards. 

Cards    Taken    Simul- 
taneously WITH 
"Tkjht"  Piston  in  li. 

Cards    Taken    Simul- 
taneously WITH  ''Me- 
dium "  Piston  in  Ji. 

Cards   Taken    Simul- 
taneously WITH 
"Loose"  Piston  in  /;. 

Indicator  yl. 

Indicator  Zf. 

Indicator  J.. 

Indicator.^. 

Indicator  yl. 

Indicator/;. 

1 

.452 
.450 
.442 
.443 
.459 
.479 
.454 

.491 
.499 
.496 
.499 
.501 
.521 
.501 

.472 
.489 
.479 
.476 
.458 
.475 
.475^ 

.525 
.582 
.534 
.525 
.517 
.543 
.529 

.481 
.465 
.450 
.446 
.440 
.453 
.457 

.508 

2 

.510 

3 

.486 

4 

.504 

5 

6 

Average 

.510 
.500 
.508 

Ratio   of    mean ) 
heights ) 

1.10 

l.U 

1.10 

Scale  of  spring  used  in  Indicator  A  corrected  for  all  variations 59.-3 

Scale  of  spring  used  in  Indicator  B  with  the  "  Tight  "  and  "  Medium  "  pistons 53.9 

Scale  of  the  same  spring  when  used  in  Indicator  Ji  with  "  Loose  "  piston 54  3 


TABLE    B. 

Mean  Forward  Pressures  During  Expansion  and  Mean  Effective 
Pressures  for  Entire  Cards  from  Indicator  Cards  Ta:ken  Simul- 
taneously. 


Piston   Used   in 
Indicator  B. 

Mean   Forward  Pressures 

DiTRiNG    Expansion    in 

Pounds  Per  Square 

Inch. 

Mean  Effective  Pressures  for 

Entire  Area  of  Indicator 

Cards  in  Pounds  Per 

Square  Inch. 

Indicator  J^. 

Indicators. 

DifiEerence. 

Indicator  .4. 

Indicator  5. 

Difference. 

Tight 

Medium 

26.9 

28.2 
27.1 

27.0 
28.5 
27.8 

-f.l 
-f  .3 

+  .2 

32.6 
32.4 
33.4 

32.6 
32.7 
82.9 

.0 
-f  .3 
—  5 

Loose 
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pressure  about  80  pounds  per  square  inch  above  the  atmosphere. 
To  obtain  the  mean  height  of  the  expansion  line  the  ordinate 
which  is  marked  A  B  in  Fig.  143  was  laid  off  through  a  point  in 
the  atmosplieric  line  28  per  cent,  of  the  length  of  the  card  from 
the  admission  end.  The  area  A  B  CI)  between  the  expansion 
line  and  the  atmospheric  line  was  then  measured,  and  the 
mean  height  corresponding  to  this  area  was  obtained. 

The  indicator  springs  were  carefully  tested  and  the  equivalent 
scales  determined  by  laying  off  horizontal  lines  on  one  of  the 
indicator  cards  taken  by  each  indicator  at  the  height  of  the  lines 
on  the  test  diagrams.  The  scale  corresponding  to  each  area 
included  between  the  test  lines  was  multiplied  by  the  area,  and 


FfG.  143. 


the  sum  of  these  multiples  was  divided  by  the  entire  area  of  the 
card  in  order  to  obtain  the  equivalent  scale. 

The  mean  forward  pressures  during  expansion  obtained  by 
multiplying  the  heights  given  in  Table  A  by  the  equivalent 
scales  are  given  in  Table  B.  The  mean  effective  pressure  for  the 
entire  cards  was  also  worked  out,  and  the  results  are  also  given 
in  Table  B. 

The  fact  that  the  mean  forw^ard  pressure  during  expansion 
and  the  mean  effective  pressure  were  the  same  for  the  "  Tight " 
piston  as  for  the  other  two  pistons  shows  that  the  proper  scale 
of  the  spring  w^as  used  for  the  working  conditions;  The  scale 
used,  as  already  explained,  w^as  that  obtained  by  rapping  the 
indicator  so  that  no  double  lines  w^ere  formed  on  the  test  dia- 
grams. When  the  indicator  wdth  the  "  Tight "  piston  was  not 
rapped  double  lines  were  formed,  and  the  scale  from  such 
double  lines  would  make  the  mean  effective  pressure  lower  than 
the  true  value.  The  tests  prove,  therefore,  that  the  correct 
scale  was  given  by  the  "  Tight  "  piston  when  the  indicator  was 
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rapped,  and  that  a  scale  obtained  from  a  test  diagram  in  which 
there  were  douhle  lines,  using  the  up])er  lines  for  the  falling 
pressures  and  the  lower  lines  for  the  rising  pressures,  would 
have  been  in  error. 

The  main  error  which  may  occur  in  using  a  mercury  column 
is  not  due  to  the  lack  of  quickness  with  which  the  recording 
device  acts,  as  might  be  inferred  from  the  computations  given 
by  Mr.  Mattice,  which  show  the  quickness  of  such  action.  The 
error  occurs  mainly  from  pulsations  in  the  long  column  of  mer- 
cury, which  has  a  considerable  mass  and  is  balanced  against 
an  elastic  medium.  I  do  not  pretend  to  say  that  correct  results 
cannot  be  obtained  with  mercury  columns,  but  that  there  can 
be  errors  I  know  from  personal  experience.  In  one  case  we  had 
some  indicators  tested  in  the  regular  way  by  means  of  a  mercury 
column  in  the  hands  of  an  expert  operator.  After  completing 
the  tests  in  the  regular  way,  I  suggested  that  the  column  be 
run  very  slowly.  This  was  done,  and  the  results  obtained  with 
the  slowly  moving  column  were  different  from  those  obtained 
when  the  column  was  run  at  the  ordinary  speed.  In  these  tests 
there  were  double  lines  traced  on  the  diagrams  in  the  tests  with 
the  mercury  column,  whereas  my  own  tests  gave  single  lines. 
The  average  of  the  two  lines  for  the  slowly  moving  column 
agreed  with  my  own  calibrations,  whereas  the  average  with  the 
column  run  at  the  ordinary  speed  did  not.  How  to  make  use 
of  the  double  lines  on  the  diagram  is  an  open  question.  I  know 
of  a  concern  employing  a  mercury  column  which  gives  only 
the  readings  for  increasing  pressures  in  their  rejDorts,  unless  the 
parties  for  whom  the  tests  are  made  request  that  they  shall  be 
furnished  with  the  results  for  decreasing  pressures  as  well  as 
those  for  increasing  pressures. 

A  point  is  raised  by  Mr.  Mattice  and  Professor  Wagner  in 
regard  to  the  temperature  of  the  spring  being  different  in  the 
tests  to  calibrate  it  than  when  the  indicator  is  used  on  an  engine. 
Professor  WaTgner  is  correct  in  saying  that  the  temperature  of 
the  spring  for  the  usual  working  conditions  of  an  indicator  for 
pressure  above  the  atmosphere  is  about  212  degrees  Fahr.  I  have 
made  tests  to  determine  the  temperature  to  which  the  springs 
are  subjected  when  calibrated  on  our  apparatus,  and  find  that 
there  may  be  superheating  in  the  steam  above  the  piston  of 
from  10  to  20  degrees  Fahr.  when  the  indicator  is  subjected  to 
steam  at  80  pounds  pressure.     The   steam  which  enters  our 
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apparatus  contains  considerable  moisture,  and  water  appears  at 
all  times  at  the  drip  valve  marked  0  in  Fig.  138,  and  should 
this  be  closed  it  raises  in  a  gauge  glass  which  is  not  shown  in 
the  figure.  The  steam  acting  on  the  piston  is,  therefore,  always 
in  a  moist  state.  We  have  made  tests  in  which  a  small  amount 
of  water  was  blown  into  the  indicator  along  with  the  steam. 
To  accomplish  this  the  blow  off  pipe  iVwas  made  to  lead  from 
the  cylinder  B  at  the  same  height  as  the  pipe  leading  to  the 
indicator,  and  the  drip  valve  0  was  closed  so  that  water  col- 
lected in  the  cylinder.  When  this  was  done,  the  temperature 
above  the  piston  was  found  to  be  212  degrees  Fahr.  Tests  were 
made  by  calibrating  an  indicator  spring  at  212  degrees  by  allow- 
ing the  water  to  leak  past  the  piston  along  with  the  steam,  and 
by  calibrating  the  same  spring  in  the  ordinary  way.  The  dif- 
ference in  the  results  of  the  calibrations  was  less  than  one-half 
of  1  per  cent.,  the  scale  with  the  spring  at  212  degrees  Fahr. 
being  slightly  the  greater.  We  have  considered  this  difference 
an  unimportant  one,  and  have  employed  the  ordinary  method  in 
our  calibrations. 

In  some  tests  we  have  made  we  have  used  the  apparatus 
shown  in  Fig.  138  in  the  same  way  as  the  apparatus  described 
for  high  pressures  shown  in  Fig.  139  ;  that  is,  we  maintain  the 
steam  in  the  apparatus  at  a  given  pressure  and  take  five  lines 
or  more,  together  with  the  corresponding  atmospheric  lines, 
before  taking  lines  at  another  pressure.  When  this  is  done, 
the  lines  can  be  taken  quickly  on  the  indicator,  and  the  tem- 
perature of  the  spring  will  be  more  nearly  that  which  exists 
under  working  conditions.  The  atmospheric  lines  are  taken 
after  tracing  the  lines  at  the  given  pressures,  two  three-way 
cocks  being  connected  between  the  indicator  and  the  cylinder 
B,  and  both  being  turned  in  taking  an  atmospheric  line,  so 
that  any  leakage  in  the  indicator  cock  will  not  affect  the  atmos- 
pheric line. 

In  the  case  of  a  spring  working  under  a  vacuum  we  strive 
to  make  the  temperature  of  the  spring,  in  the  calibrations,  as 
nearly  as  possible  that  to  which  it  was  subjected  when  in  use. 

The  arrangement  described  by  Professor  Goss  provides  an 
easy  and  accurate  way  of  regulating  the  pressure,  as  well  as  an 
accurate  means  of  measuring  it.  For  great  refinement,  however, 
I  feel  that  the  device  which  we  use,  in  which  the  rotating  plug 
is  maintained  at  a  constant  temperature,  will  give  more  accurate 
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results  tliaii  where  it  is  heated  hy  the  steam.  The  expansion  of 
the  plug  and  the  bushing  on  being  heated  by  the  steam  produces 
an  error  of  about  0.3  of  a  pound  per  square  inch  at  80  pounds 
pressure.  We  have  tested  a  plug  arranged  as  described  by 
Professor  Goss,  and  have  found  that  there  was  a  practical 
agreement  with  our  own  when  the  steam  which  escaped  through 
the  opening  at  the  side  of  the  plug  issued  at  a  considerable 
velocity.  When  the  pressure  was  regulated  so  that  little  or  no 
steam  escaped  there  was  a  difference  found  of  about  0.3  pound 
at  a  pressure  of  80  pounds  per  square  inch,  or  the  difference 
corresponding  to  the  difference  in  area  of  the  plug  and  of  the 
bushing  when  cold  and  when  heated  by  the  steam.  The  reason 
that  there  was  an  agreement  when  considerable  steam  was 
allowed  to  escape  through  the  opening  at  the-  side  of  the 
plug  arranged  as  described  by  Professor  Goss  was  on  account  of 
the  fact  that  the  frictional  resistance  of  the  steam,  in  passing 
through  the  opening  beneath  the  plug,  caused  a  slight  loss  of 
pressure  between  the  reservoir  to  which  the  indicator  was  at- 
tached and  the  plug,  and  when  the  velocity  was  such  that  this 
loss  became  equal  to  the  difference  of  pressure  corresponding  to 
the  difference  in  the  area  of  the  plug  when  hot  and  when  cold, 
the  two  effects  counterbalanced  each  other. 
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DCCCVI.* 

TOPICAL  DISCUSSIONS  AND  NOTES  OF  EXPERIENCE. 

No.   806—139. 

Does  it  pay  to  pickle  ordinary  castings? 

Mr.  Orosco  C.  Woolson. — It  occurred  to  me  when  I  saw  this 
question  of  pickling  was  to  come  up  that  I  must  make  a  few 
remarks,  prompted  from  observations  and  personal  experience  in 
this  character  of  work. 

To  begin  with,  however,  I  am  impressed  with  this  view  of  the 
problem : 

1.  It  depends  on  several  conditions  whether  it  be  desirable  to 
subject  castings  to  a  bath  of  pickle  or  not.  For  instance,  some 
foundries  have  a  class  of  work  requiring  such  a  soft  character  of 
metal,  and  require  such  a  character  of  tooling,  and,  further- 
more, have  such  methods  of  moulding  and  pouring,  that  there 
is  not  an  adequate  return  for  the  outlay  in  proper  pickling; 
while,  on  the  other  hand,  there  is  a  class  of  work  necessarily  pro- 
duced in  localities  and  under  such  conditions  of  metal  moulding 
and  casting  that  it  seems  to  be  advantageous  to  pickle  the  castings 
before  subjecting  them  to  the  particular  character  of  tooling 
necessary,  so  that  to  my  mind  it  all  depends  on  the  several  con- 
ditions whether  it  is  wise  to  pickle  or  not  to  pickle. 

2.  If  pickling  is  decided  on,  for  any  particular  reasons,  then  I 
wish  to  make  a  suggestion  in  the  interest  of  the  mechanic.  See 
to  it  carefully  that  your  apparatus  is  well  equipped  for  thoroughly 

^rinsing  before  subjecting  the  castings  to  the  men  who  are  to 
handle  them  and  do  the  tooling,  for  where  the  rinsing  is  carelessly 
done,  there  will  arise  sulphurous  fumes  which  are  exceedingly  dis- 
agreeable, and  I  have  no  doubt  injurious  to  the  lungs  of  any  one, 
especially  if  such  person  is  naturally  weak  in  these  parts. 

There  is  only  one  sort  of  being  who  can  stand  it  for  any  great 
length  of  time,,  and  that  being  is  ''  a  once-was^^  and  he  is  usually 

*  Presented  at  the  New  York  meeting  (December,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the 
Transactions. 
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nowadays  to  be  found  in  museums,  done  up  in  medicated  sack- 
cloth. 

Mr.  Charles  L.  Newcomh. — I  would  like  to  say  that  the  adop- 
tion of  the  sand-blast  for  cleaning  castings  replaces  pickling  in 
our  establishment.  The  answer  to  the  question  asked  should 
depend  very  largely  as  to  the  kind  and  quality  of  castings  being 
made.  From  my  experience  with  the  sand-blast  in  cleaning  cast- 
ings during  the  last  two  years,  I  believe  any  foundry  making 
over  six  tons  of  castings  per  day  cannot  afford  to  use  any  other 
method,  if  the  castings  must  be  cleaned.  If  a  foundry  is  making 
fifteen  to  twenty  tons  per  day,  there  is  then  more  reason  for  using 
the  sand-blast,  because  of  the  saving  over  any  other  method  of 
which  1  have  knowledge.  There  are  many  foundries  in  which  the 
sand-blast  would  not  be  useful,  such  as  pipe  foundries  and  foundries 
making  car  wheels,  etc.  Foundries  using  pickle  for  removing 
the  sand  and  scale  from  their  castings  should  immediately  join 
the  procession  of  progress  and  adopt  the  sand-blast.  Foundries 
producing  steam-engine  castings,  air  compressors,  and  steam- 
pump  castings  cannot  afford  to  be  without  a  sand-blast  apparatus 
for  cleaning  their  castings.  Such  foundries  will  find  it  the  only 
"  up-to-date  "  method  of  removing  the  core  sand  from  the  steam 
ports  and  jackets  of  all  kinds  of  cylinders  ;  it  has  no  competitor  in 
any  form  of  pickle,  either  in  cost  or  quality  of  work.  Ports  and 
jackets  can  be  made  absolutely  clean  ;  it  does  away  with  the  slow 
methods  usually  in  vogue  where  steam  cylinders  are  to  be  cleaned, 
which  is  two  or  three  days  of  pickling,  with  hours  of  labor  by  some 
workmen  scouring  through  the  ports  with  a  piece  of  sheet  metal. 
There  is  sure  to  be  sand  in  the  corners  after  a  casting  comes  from 
the  pickle,  no  matter  how  long  it  is  left  on  the  pickle  bench  or 
how  thoroughly  the  pickle  is  applied.  Time  is  another  important 
element.  A  plain  cylinder  20  inches  in  diameter  of  bore  and 
29|-  inches  long  can  be  cleaned  by  one  man  in  a  properly  designed 
sand-blast  room  in  ten  minutes,  and  the  ports  will  be  cleaned. 
Sand-blasting  a  casting  removes  much  of  the  silicious  oxide 
from  the  casting,  so  that  the  parts  which  are  to  be  tooled  do  not 
destroy  the  tools  so  rapidly  ;  especially  is  this  noticeable  where 
castings  go  to  the  turret  and  milling  machines,  and  the  tools 
which  are  used  are  expensive,  and  a  small  saving  is  worth  con- 
sideration. Good,  honest  jobbing  foundries  should  hail  the  use 
of  the  sand-blast,  because  it  shows  up  all  the  imperfections  in  the 
castings,  cleaning  all   sand    out    of   the    blow-holes    and    stoggy 
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places,  enabling  the  imperfect  casting  to  be  discarded  in  the 
inspection.  One  operator  in  the  operating  room  can  clean  fifteen 
tons  of  steam-pump  castings  per  day,  of  ten  hours,  requiring  a  No. 
95  B.  O.  &  R.  A.  Tilii^hman  mixer  (sold  by  Ward  and  Nash  ; 
Boston) ;  a  boiler  plate  washer,  7  feet  long,  4  feet  diameter ; 
a  Sturtevant  exhaust  fan,  40  inches;  Deane  air  compressor,  10 
by  12.  The  usual  pressure  being  between  15  to  22  pounds,  using 
a  nozzle  of  f  inch  in  diameter. 

21/'.  Suplee. — I  understand  that  in  Germany  they  are  now  using 
a  weak  solution  of  hydrofluoric  acid  with  great  success.  It  acts 
on  the  silica,  and  eats  out  the  sand  in  a  way  that  an  ordinary 
pickle  does  not. 

The  solution  used  for  this  purpose  is  composed  of  about  twenty 
parts  of  water  to  one  part  of  a  30  per  cent,  solution  of  hydrofluoric 
acid,  which  will  attack  the  silica  direct,  without  having  any  per- 
ceptible action  on  the  iron.  It  should  be  used  in  lead-lined  tanks, 
and  handled  with  care,  as  it  will  injure  the  hands  unless  they  are 
protected  by  rubber  gloves.  As  the  ordinary  pickle  can  only 
act  by  undercutting  the  scale  and  eating  away  the  metal  until 
the  scale  is  removed,  it  should  follow  that  a  solution  which  acts 
directly  upon  the  silica  is  more  desirable. 

Mr.  Wtn.  Kent. — I  have  seen  the  use  of  hydrofluoric  acid  for 
removing  the  clay  from  castings  that  have  been  cast  in  baked 
clay  moulds,  and  it  did  that  very  successfully.  The  hydrofluoric 
acid  seems  to  have  a  field  for  some  purposes. 

Mr.  Newconib. — I  think  I  ought  to  say  that  the  sand-blast 
takes  off  the  silicious  oxide  on  the  outside  of  the  casting,  and  the 
men  in  the  shop  notice  it  right  away.  In  that  way  the  tools 
retain  their  edge. 

Mr.  Bu])lee. — In  regard  to  the  sand-blast,  I  know  that  it 
is  used  with  remarkable  success  in  preparing  surfaces  for  the 
Bower-Barff  process,  and  it  is  practically  impossible  to  get  a  con- 
tinuous coating  of  magnetic  oxide  unless  some  such  method  of 
cleaning  is  employed.  This  leaves  the  iron  with  a  silvery  white 
appearance,  practically  chemically  clean.  This  method  is  used 
for  small  hardware  and  castings  of  that  sort. 

No.  S06— 140. 

What  is  the  strengtli  of  pipe  fittings  made  by  a  casting  process? 

Mr.  H.  H.  Suplee. — I  might  state  that  that  question  is  intro- 
duced by  me  at  the  request  of  a  gentleman  not  a  member  of  the 
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Society,  for  a  specific  reason.  At  the  present  time  American 
manufacturers  are  exporting  largo  quantities  of  American  wrougLt- 
iron  pi})e  for  steam  and  gas  and  other  work  of  that  sort.  But 
they  find  themselves  seriously  hampered  in  meeting  the  foreign 
market  for  pipe  fittings.  That  is,  they  cannot  take  the  whole 
order,  simply  because  there  is  a  general  mistrust  abroad  of  cast 
fittings.  Wrought  fittings  are  the  rule  instead  of  cast  fittings, 
the  idea  being  that  the  American  cast  fittings  are  not  strong 
enough.  Under  those  circumstances  it  is  very  desirable  to  be 
able  to  show  the  foreign  users  of  American  products  that  the  cast 
fitting  is  all  right  when  properly  made,  and  it  was  thought  desir- 
able to  obtain  some  expression  of  opinon  on  the  part  of  a  respon- 
sible body  like  this  that  would  boost  up  the  American  article,  on 
the  other  side  of  the  ocean.  If  anything  could  be  said  on  that 
subject  it  would  be  of  value  to  American  commerce  abroad. 

Mr.  Win.  Kent. — Two  cases  in  the  last  two  years  were  called 
to  my  attention  of  the  breaking  of  cast-iron  fittings  ;  but  they 
were  caused  by  water  ram  in  a  steam  pipe.  Probably  if  there 
had  not  been  any  cast-iron  fittings  there,  something  else  would 
have  broken,  such  as  the  steam  chest  of  the  engine.  The  cast- 
iron  fitting  is  apt  to  be  not  strong  enough  to  stand  a  water  ram. 

No.  806—141. 

What  constitutes  a  seamless  tube  ? 

Mr.  Henry  Souther. — A  topic  for  discussion  has  been  placed 
before  the  Society  which,  under  ordinary  circumstances,  should 
hardly  require  discussion — "  What  constitutes  a  seamless  tube  ?  " 
It  is  a  fact,  however,  that  during  the  last  few  months  this  name 
has  been  applied  by  men  whose  opinions  are  of  great  value  in 
the  manufacturing  and  scientific  world,  to  material  which  should 
not  be  put  under  this  head.  It  is  doubtful  if  there  is  authority 
in  the  shape  of  a  dictionary  or  encyclopaedia  which  will  settle  this 
matter  finally,  and  we  maybe  obliged  to  rely  upon  custom  and 
metallurgy  to  say  whether  a  tube  is  seamless  or  not. 

Assumiog  that  the  question  is  one  of  terminology,  let  us  see 
what  the  dictionaries  say.  Under  "  seamless''  we  find  in  all 
cases  as  follows  :  "  Without  a  seam."  What  are  the  definitions 
for  "  seam  "  ?  Consulting  Webster  and  the  Century,  it  is  found 
that  each  gives  several  definitions,  referring  particularly  to  cloth, 
leather,  and  other  fabrics  which  have  no  reference  to  the  present 
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case.      Another  is   also  given  wliich  seems  to  hit  the  case  under 
discussion.     It  is 

'•  Seam,  joint,  suture,    line  of  union." 

From  this  definition  it  appears  that  no  interruption  of  material 
need  exist  or  be  seen  in  the  finished  product.  Therefore,  reiving 
solel}'  upon  terminology,  a  butt  or  lap-welded  tube,  or  a  tube 
jointed  in  any  manner,  cannot  be  properly  called  seamless. 

Custom  points  out  very  plainly  exactly  what  is  meant  by  a 
seamless  tube.  For  many  years  we  have  been  making  tubing-  by 
various  processes  of  rolling  a  strip  about  a  mandrel  and  welding 
the  edges  of  the  strip  together.  Up  to  the  last  few  months  I 
have  never  heard  any  one  call  material  so  made,  seamless.  The 
temptation  is  great  to  a{)ply  the  name  of  a  superior  article  to  one 
that  is  inferior,  for  trade  purposes,  but  for  the  sake  of  accuracy, 
if  for  no  higher  motive,  we  should  confine  ourselves  to  the  dis- 
tinction and  meaning  as  applied  by  common  usage  to  the  word 
**  seamless." 

Examine  the  process  of  manufacture  of  the  two  kinds  of  tubing 
which  are  recognized  as  being  seamless  or  jointed.  To  make 
either  an  ingot  is  cast.  The  ingot  is  then  rolled  to  a  bloom,  the 
bloom  to  some  form  of  billet  or  slab,  and  this,  to  form  the  welded 
tube,  is  rolled  into  what  is  known  as  "  skelp.*'  So  far  this  steel 
is  seamless.  The  continuity  of  the  metal  has  not  been  interrupted 
at  any  point  except  to  cut  the  steel  into  pieces  small  enough  to 
handle.  From  this  material  known  as  *'  skelp"  either  a  seamless 
or  welded  tube  can  be  made,  and  right  here  occur  those  opera- 
tions which  draw  a  sharp  line  between  the  two  forms  of  tube. 
To  make  a  seamless  tube  this  skelp  would  be  cut  into  pieces 
perhaps  10  inches  square;  then  by  successive  cold-cupping  opera- 
tions, which  in  no  way  separate  the  grain,  this  sheet  of  skel]:>  is 
D^ade  to  assume  the  form  of  a  deep,  narrow  cup,  very  much  of  the 
proportions  of  a  cartridge  shell.  The  closed  end  of  this  cup  is 
cut  ofi",  nnd  the  product  is  unquestionably  a  seamless  tube,  ready 
to  be  elongated  to  suit  requirements.  This  tube  has  never  had 
the  particles  of  metal  which  form  its  sides  separated  in  any  way. 

From  the  skelp,  to  make  a  welded  tube,  the  operation  is  entirely 
different.  The  long  strips  of  steel  are  heated  in  a  furnace,  passed 
through  a  die  and  over  a  mandrel  in  such  a  manner  as  to  roll  it 
up  so  that  its  edges  nearly  touch.  This  rolled  strip  is  then  heated 
again  to  a  welding  heat  and  again  passed  through  a  die  and  over 
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a  iiiaiKli'til,  with  suliici(!iit  ])r(\ssuro  Ixitwoon  tlioiri  to  cause  the 
edges  to  nuite  and  make  a  W(;ld.  This  weld  may  be  absolutely 
perfe(;t  and  it  may  not.  Eveu  if  perfect,  the  particles  of  steel 
forming  the  walls  of  the  tube  have  beeu  separated  and  again 
united   by  combined  lieat  and   pressure.     Surely  no  one  would 


Fig.   144. 

claim  that  steel  is  united  under  any  conditions  as  well  as  it  is 
when  melted. 

The  walls  of  the  seamless  tube  were  united  when  melted.  The 
walls  of  the  welded  tube  require  combined  pressure  and  heat,  and 
the  junction  is  acknowledged  to  be  more  or  less  imperfect.  The 
most  perfect  union  is  visible  when  examined  under  the  micro- 
scope under  conditions  similar  to  those  used  to  study  the  micro- 
structure  of  metal.  It  would  seem  from  this  that  a  tube  cannot 
be  called  seamless  because  the  joint  is  not  visible  to  the  naked 
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eye.  Some  joiuts  united  by  brazing  are  exceedingly  difficult  to 
locate,  but  the  tube  is  nevertheless  an  imperfectly  jointed  one  and 
certainly  not  seamless. 

Still  another  way  is  employed  to  make  a  seamless  tube.  The 
ingot  is  rolled  into  the. bloom,  and  the  bloom  into  a  round,  per- 
haps 3  inches  in  diameter.     This  round  is  then  cut  into  short 


Fig.   145. 

lengths,  say  12  inches  to  15  inches.  Through  the  centre  of 
this  round,  a  hole  is  then  formed,  perhaps  by  drilling  cold,  per- 
haps by  piercing  hot,  by  one  of  various  methods.  In  iiny  case, 
the  hole  is  put  through  the  billet  without  interrupting  the  con- 
tact between  the  particles  of  the  wall  of  the  tube.  The  piece 
is  then  a  seamless  tube,  ready  to  be  drawn  to  any  desired  size. 

The   custom-house   makes  a  distinction   in  import  duties  be- 
tween tubing  made  by  one  of  these  processes  and  another,  calling 
28 
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one  seamless  and  another  welded  or  jointed.  The  custom-house 
is  rather  a  good  judge  of  the  ])ro])er  name  for  things.  It  there- 
fore seems  to  me  that  common  usage  and  process  of  manufac- 
ture draw  the  line  very  sharj)ly  betweeu  a  seamless  and  a  jointed 
tube. 

Mr.  P.  J.  Flckiiujer. — The  query,  "  Wliat  constitutes  a  seam- 
less tube  ?  "  is  of  interest  to  me  in  particular.  The  first  thought 
was  that  it  would  be  a  tube  made  from  a  solid  billet.  The  con- 
clusion arrived  at  by  my  way  of  reasoning  was  that  the  process 
of  producing  a  tube  was  not  what  was  to  be  considered ;  it  was  a 
question  of  results  only.  For  if  the  results  are  not  satisfactory, 
and  a  tube  after  being  formed  shows  any  lineal  defects  when 
tested  to  destruction,  I  cannot  see  how  it  can  be  called  a  '^  seam- 
less tube." 

In  piercing  a  billet  by  the  rolling  process  there  is  quite  a  ten- 
dency to  form  longitudinal  cracks  or  seams,  as  you  will  see  by  the 
sample  of  a  section  of  a  bar  cut  from  a  6-inch  round  (Fig.  14^). 
This  bar  is  of  the  regulation  railroad  axle  material,  and  was 
rolled  with  a  two-roll  device  as  shown  in  Fig.  145,  the  axis  of 
the  rolls  being  in  parallel  with  the  axis  of  the  bar  and  in  the  same 
plane. 

Now,  is  it  not  plain  to  be  seen  that  the  principle  is  the  same  as 
in  the  billet-piercing  machines  which  accomplish  the  results  by 
the  rolling  motions,  the  only  conditions  lacking  being  the  pierc- 
ing mandrel,  and  the  axis  of  the  rolls  being  changed  sufficiently 
to  give  to  the  billet  or  bar  the  required  feed  or  longitudinal 
direction  ? 

Now,  this  is  the  question  I  would  like  to  ask  this  Society :  Is  it 
not  reasonable  to  suppose  that  in  the  method  which  has  been 
described,  providing  all  the  conditions  are  not  of  the  best,  a 
seamed  tube  will  be  the  result  ? 

It  is  a  well-known  fact  among  mechanics  familiar  with  the  hot 
forging  of  metals,  that  what  is  technically  known  as  a  "cold  shut " 
cannot  be  welded  and  must  be  cut  out. 

I  wish  to  call  attention  to  the  formation  of  the  cinder  which  is 
shown  in  the  cracks  of  the  specimen  submitted.  Perhaps  some  of 
the  members  present  can  explain  this. 

To  come  back  to  the  subject,  "  What  constitutes  a  seamless 
tube  ?  "  it  appears  to  me  that  the  best  way  to  dispose  of  this  is  to 
produce  the  tubes,  test  them  to  destruction,  and,  providing  no 
seam  or  lack  of  uniformity  is  discovered,  it  is  seamless. 
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If  it  shows  any  of  these  defects  it  is  not,  regardless  of  the 
method  of  manufacture. 

Xo.  SOC— 142. 
On  bow  small  a  tool  does  it  pay  to  put  an  individual  electric  motor  ? 

Prof.  Dugald  C.  Jacl'so/i. — As  a  general  rule,  the  following 
statement,  quoted  from  page  1057  of  vol.  18  of  the  Transact ^'ons^ 
faiiiy  represents  the  answer  to  this  query.  It  is  yery  seldom  that 
it  pays  to  subdivide  the  power  to  a  greater  degree  than  is  here 
indicated.  ''  All  large  tools  or  machines,  such  as  use  from  fiye  to 
seyen  and  one-half  horse-power  and  oyer,  should  be  sujjplied  with 
indiyidual  motors,  while  smaller  tools  or  machines  requiring  less 
power  should  be  grouped  and  driyen  from  motor-driyen  shafts. 
These  groups  should  ordinarily  be  arranged  so  that  a  motor  of 
not  less  than  from  three  to  fiye  horse-power  capacity  is  required, 
and  not  more  than  from  ten  to  fifteen  horse-power.  The  group- 
ing of  tools,  the-  subdivision  of  power,  and  the  manner  of  deliver- 
ing power  of  motors  to  driveri  machinery,  it  may  here  be  said,  is 
a  matter  which  can  be  given  only  the  most  general  treatment  as  a 
whole,  as  each  industry  includes  conditions  of  its  own  which  must 
be  taken  into  the  count.  Observation  indicates  that  some  manu- 
facturers who  are  using  electrical  power  failed  to  weigh  carefully 
the  question  of  its  subdiyision  when  preparing  to  install  their 
plant,  and  have  thereby  lost  much  of  the  advantage  which  may 
be  derived  from  the  electrical  transmission."' 

2fr.  Jesse  JL  Smith. — This  seems  to  me  to  be  a  commercial 
question  pure  and  simple — how  much  does  it  cost  to  put  the 
motor  on  to  the  tool  ?  Certainly  after  the  motor  is  there  it  costs 
less  power  to  run  it  by  electricity  than  by  belts.  But  whether 
for  any  particular  tool  it  will  pay  to  have  au  electric  motor  put 
on  it,  is  simply  a  matter  of  dollars  and  cents,  which  must  be  de- 
termined, not  only  by  the  tool  builder,  but  by  the  purchaser  of 
the  tool.  The  advantages  of  electric  power  in  driving  tools  or 
machines  of  any  kind  are  certainly  being  recognized  more  and  more 
every  day,  and  motors  are  getting  cheaper  and  cheaper  every 
day,  so  that  after  awhile  the  machine  tool  builders  will  build 
their  own  motors.  Then  we  can  get  motors  at  reasonable  prices 
and  then  we  will  have  the  ideal  transmission. 

2Ir.  Halsey. — While  not  looking  at  the  matter  over  the  stand- 
point contemplated  in  the  query,  it  may  be  worth  while  to 
say  that  at  the  Baldwin  Locomotive  Works,   where  machineiy 
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occiipyinp;  acres  and  acres  of  floor  space  is  driven  by  electric 
motors,  they  have  a  rule  which  forbids  the  use  of  motors  of  less 
tlian  five  horse-])ower  undo-  any  circumstances.  This  being  the 
smallest  unit  of  power,  it  would  naturally  follow  in  most  cases 
that  small  tools  should  be  arranged  in  groups  to  consume  in  the 
aggregate  at  least  this  amount  of  power.  The  reason  for  the  rule 
lies  in  the  fact  that,  considered  as  machines,  small  motors  are 
delicate  in  construction,  and  require  a  disproportionate  amount 
of  attention  and  repairs.  It  should  always  be  remembered  that 
the  individual  motor  system  involves  a  large  number  of  small 
delicate  motors  to  keep  up,  while  the  group  system  involves  a 
small  number  of  large  and  substantial  machines. 

No.  806—143. 

Have  you  any  new  notions  on  macliine-shop  floors? 

Mr.  Charles  T.  Neiocomh. — I  do  not  know  that  I  have  any  new 
notions,  but  my  practice  has  been  for  the  last  seventeen  years, 
for  ground  floors  in  a  machine  shop  building  steam  pumps  or  like 
machinery,  to  use,  for  joist  or  floor  timbers,  6  inches  by  6  inches 
kyanized  timbers  placed  4  feet  on  centres,  well  bedded  in  place, 
and  laid  crosswise  of  shop  so  as  to  put  plank  lengthwise  of  shop. 
On  top  of  the  timber  I  put  3-inch  matched  spruce  plank,  planed 
on  one  side.  Before  the  planks  are  laid  the  earth  fillings  under 
plank  are  well  puddled  for  about  2  feet  and  left  higher  than  floor 
timber,  and  struck  off  to  height  of  floor  timbers,  leaving  a  solid 
surface  under  plank  onto  which  machinery  can  be  set  without 
other  foundations.  It  is  my  experience  that  this  kind  of  floor  will 
wear  out  on  top  in  about  five  years,  when  it  will  be  found  to  be 
rotted  on  bottom  so  as  to  need  replacing,  the  kyanized  timber 
lasting  indefinitely. 

Kyanized  timber  or  treated  lumber  can  now  be  obtained  very 
readily  on  the  market.  This  kind  of  floor  costs  laid  11  cents  per 
square  foot,  and  is  easily  replaced,  and  in  vieV  of  the  fact  that 
the  top  of  floor  wears  out,  it  is  in  my  opinion  better  to  useHhis  or 
similar  cheap  construction  and  have  a  new  floor  when  needed. 

For  second-story  floors  for  such  work  as  is  usually  put  on  such 
floors,  I  use  3-inch  matched  spruce  plank  with  paper  laid  over  it 
to  keep  the  dust  and  dirt  from  passing  through,  the  top  flooring 
being  \^  inches  thick,  matched  hard  maple,  bored  and  blind  nailed, 
not  wider  than  3^  inches.     This  kind  of  a  floor  will  last  many 
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years,  wearing  out  in  spots  only/ for  instance,  where  the  chips  in 
front  of  drill  or  planer  are,  and  npon  which  the  operator  stands. 
The  spots  can  be  easily  and  cheaply  patched.  This  kind  of  a 
floor  costs  14  cents  per  square  foot  laid. 

M?\  Albert  A.  Cart/. — I  don't  know  whether  I. have  very  much 
to  say  in  the  Avay  of  new  notions  about  machiue-shop  floors,  but 
I  have  experimented  with  floorings  in  manufactories.  I  liad  a 
good  deal  of  trouble  where  there  is  a  great  deal  of  trucking  of  heavy 
machinery  and  rather  heavy,  bulky  articles.  There  tlie  floors 
would  wear  out  very  rapidly.  So  I  made  up  my  mind  to  de- 
termiuc  which  was  the  best  floor,  and  I  laid  a  series  of  sections, 
starting  with  spruce,  then  putting  in  yellow  pine,  then  taking  a 
better  quality  of  yellow  pine,  which  I  believe  is  known  as  "  cone 
grey  "  pine,  and  afterwards  maple,  so  that  we  had  a  chance  to 
test  them.  I  have  forgotten  the  relative  length  of  time  that  the 
different  floors  wore,  but  the  final  result  was  that  I  ripped  up  all 
other  kinds  of  top-flooring  course,  and  laid  the  maple  floor,  and  I 
do  not  know  anything  that  will  wear  any  better  than  that.  One 
thing  convinced  me  of  its  splendid  adaptability  to  a  place  of  that 
kind  where  there  is  a  good  deal  of  trucking.  I  found  that  a 
number  of  piano  warehouses  had  adopted  it  in  this  city.  They 
roll  heavy  pianos  with  small  casters  constantly  over  the  floor, 
and  that  was  the  one  thing  they  found  that  would  not  grind  under 
rollers  and  would  stand.  Of  course,  the  poorer  qualities  of 
maple  will  grind  under  casters,  but  if  you  get  a  good  quality  of 
rock  maple  you  cannot  get  any  better  floor  for  a  machine  shop,  I 
think. 

Mr.  Durfee. — In  one  of  the  machine  shops  erected  by  me  the 
lower  floor  we  built  in  this  way.  We  covered  the  surface  of  the 
ground,  after  it  had  been  excavated  to  a  proper  depth,  with  10 
inches  of  broken  stone.  On  that  broken  stone  we  bedded  some 
sills  of  chestnut,  and  then  filled  the  space  between  them  with  broken 
stone.  Those  sills  were  flattened  on  their  upper  surfaces,  and  on 
them  were  laid  4-incli  planks  about  5  inches  wide.  Those  planks 
were  placed  with  a  slight  open  joint,  not  to  exceed  an  eighth  of  an 
inch,  sufficient  to  allow  air  to  pass  down  through  the  cracks  and 
to  allow  water  thrown  upon  the  floor  to  pass  away.  Those  planks 
were  laid  at  an  angle  of  45  degrees  with  the  traffic.  I  think  that 
an  advantage,  because  when  you  are  hauling  loads  through  the 
shop  you  are  running  at  an  angle  to  the  grain  of  the  wood.  I  do 
not  expect  to  live  long  enough  to  see  that  floor  wear  out.     The 
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galleries  of  that  shop  were  made  of  spruce  plank,  4  inches  Ihick, 
and  in  no  case  over  8  inches  wide,  grooved  for  inserted  tongues, 
and  laid  upon  girders  10  feet  apart.  On  the  top  of  these  planks 
was  laid  a  hard-pine  floor  li-  inches  thick,  made  of  1  j-  stuif.  It  was 
not  tongued  and  grooved.  I  don't  think  tongued  and  grooved 
floors  are  suitable  for  shop  floors.  This  hard-pine  flooi'ing  was 
what  was  cnlletl,  in  that  locality,  rip-sawed.  There  were  no  out- 
side pieces  of  the  log  in  the  boards.  The  grain  ran  perpendicu- 
larly through  the  boards  as  nearly  as  possible.  The  edges  were 
laid  close  and  fastened  by  nails  driven  right  through  the  boards, 
which  were  laid  at  an  angle  of  45  degrees  to  the  plank  below. 
That  answered  a  double  purpose.  First,  it  diminished  the  w^ear 
of  the  floor  by  placing  the  grain  of  the  wood  at  an  angle  of  45 
degrees  to  the  traffic  over  it ;  and  secondly,  it  stiff'ened  the  build- 
ing very  much,  as  the  galleries  formed  an  immense  horizontal 
truss  to  resist  vibration.  I  have  had  a  good  deal  of  experience 
in  the  floors  of  factories,  and  I  have  always  found  that  where  the 
floor — a  top  floor — was  laid  wdth  tongued  and  grooved  boards, 
the  floor  was  practically  all  worn  out  when  it  was  half  -worn 
out,  so  to  speak.  When  the  floor  was  worn  down  to  the  tongue, 
it  was  full  of  all  sorts  of  disagreeable  inequalities,  and  had  to  be 
repaired  very  frequently.  Then  that  is  another  point  in  laying 
hard  pine,  or  any  other  wood,  unless  you  are  careiul  to  have  the 
grain  of  the  wood  run  perpendicular  to  its  surface.  In  other 
words,  if  there  are  slab  grains  in  the  wood,  those  peel  up  and 
separate  from  the  boards  below.  Then  you  have  inequalities, 
arising  from  that  cause,  which  are  very  disagreeable. 

Mr.  Cary. — I  do  not  know  that  I  can  agree  entirely  with  Mr. 
Durfee  as  to  the  use  of  non-tongued  and  grooved  flooring  for  a 
top  floor.  I  have  used  that.  I  have  never  used  anything  over 
3  inches  in  width,  which  was  nailed  down.  When  ordered,  it 
was  drilled  to  take  wire  nails,  which  were  driven  in  just  above 
the  tongue  so  they  would  hook  up  against  each  other.  It  is  well- 
seasoned  wood,  and  nothing  over  3  inches  in  wddth.  I  have 
known  those  floors  to  last  eight  or  ten  years,  and  they  are  not 
worn  out  now,  and  they  have  had  some  pretty  rough  usage. 

There  is  another  thing,  that  may  be  a  little  out  of  order  here. 
It  is  not  directly  a  machine-shop  floor,  but  for  the  treads  of  stairs 
in  factories.  I  saw  something  in  Hartford  a  number  of  years 
ago,  and  I  have  since  tried  it  myself.  There  they  take  maple  and 
make  the  tread  of  wood  about,  well,  I  should  say  an  inch  or  an  inch 
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and  a  quarter  thick,  and  the  ends  of  the  boards  are  sawed  off 
across  the  grain,  and  this  is  placed  so  as  to  stand  that  grain  up 
on  the  tread,  and  that  is  cut  up  into  Httle  blocks  one  inch  square, 
and  so  placed  on  top  of  the  tread.  It  is  end  wood.  I  know  of 
one  flight  of  stairs  that  I  have  laid  that  way.  It  has  been 
tramped  over  for  a  gi'eat  many  years.  It  is  in  splendid  condition, 
and  the  other  stairs  are  worn  away  and  new  treads  have  to  be 
put  in ;  but  that  seems  to  wear  for  an  indefinite  length  of  time. 

21i\  Durfee. — In  the  matter  of  treads  of  stairs,  I  saw^  in  England 
some  years  ago  stairs  covered  with  thick  slabs  of  lead.  The  lead 
was  certainly  half  an  inch  thick,  and  there  was  a  solid  sensation 
in  treading  on  those  stairs  which  was  very  satisfactory  indeed, 
and  I  was  assured  that  the  wear  was  as  satisfactory  as  the  feeling. 

Mr.  Percy  A.  Sanguirwtti. — I  would  say,  from  many  years  of 
observation,  that  a  floor  composed  of  maple  planks,  with  the  joints 
laid  diagonally  with  the  walls  of  the  building,  made  the  most 
durable  covering  that  I  know  of. 

A  floor  so  laid,  made  of  pieces  not  over  6  inches  wide  and  1^ 
inches  thick,  all  joints  tongued  and  grooved,  showed  no  injurious 
wear  for  about  five  j^ears. 

Mr,  W.  P.  DaUett. — The  Pennsylvania  Kailroad  in  Philadelphia 
are  making  an  experiment  at  the  Broad  Street  station,  and  they 
are  using  on  one  of  its  stairs  a  composite  ti'ead  of  lead  and,  I  think, 
cast  iron ;  that  is,  the  lead  in  grooves  in  the  cast  iron.  It  has 
seemed  to  be  very  satisfactory. 
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The  City  of  Washington  was  selected  by  the  Council,  early  in 
the  winter,  for  the  place  of  the  spring  meeting  of  1S99,  by  reason, 
first,  of  the  fact  that  the  president  of  the  Society  for  the  current 
year  was  the  Engineer-in-Chief  of  the  United  States  Navy,  and  be- 
cause at  the  time  this  decision  was  reached  the  status  of  the 
naval  engineer  had  not  received  the  consideration  which  made 
the  passage  of  what  has  been  called  the  Naval  Personnel  Bill  an 
imperative  necessity.  The  attractions  of  the  city  itself,  the  date 
selected,  and  the  attractive  programme  which  had  been  prepared 
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by  tlio  olTorts  of  tlio  J.ocal  Committee,  miidc  the  Washington 
meeting  a  memorable  one  in  point  of  numbers  and  in  the 
pleasant  memory  which  it  lias  left  to  all  those  who  were  privileged 
to  attend  it. 

The  opening  session  of  the  convention  took  the  form  of  a  most 
enjoyable  reception  in  the  Corcoran  Art  Gallery,  on  New  York 
avenue,  E  street  and  Seventeenth  street,  N.  W.,  upon  Tuesday 
evening,  May  9tli.  The  secretary,  at  the  request  of  the  Local- 
Committee,  introduced  Col.  T.  A.  Bhigham,  United  States 
Engineers,  who,  on  behalf  of  the  Commission  intrusted  with  the 
control  of  the  District  of  Columbia,  welcomed  the  Society  to 
Washington,  and  referred  particularly  to  some  of  the  interest- 
ing features  connected  with  the  engineering  of  the  Washington 
Monument.  He  referred  to  its  foundation,  the  work  of  placing 
the  cap,  the  elevators,  and  the  observations  which  had  been 
made  upon  a  plumb  line  suspended  in  the  centre  of  the  structure. 
President  George  W.  Melville  made  a  brief  response  on  behalf  of 
the  Society,  and  the  informal  ceremony  of  introduction  to  the 
President  of  the  Society  and  Mrs.  George  Westinghouse  pro- 
ceeded in  the  upper  hall.  The  Marine  Band  of  thirty-four  pieces 
was  located  in  the  main  hall,  and  added  greatly  to  the  pleasure 
and  brilliancy  of  the  gathering.  The  art  treasures  of  the  gallery, 
both  in  paintings  and  sculpture,  were  greatly  enjoyed.  This  re- 
ception was  permitted  to  the  Society  by  the  trustees  of  the 
Corcoran  Gallery,  while  the  Society  itself  and  its  president 
assumed  the  burdens  of  expenditure  connected  with  the  affair. 

Second  Session.    Wednesday  Morning,  May  10th. 

This  session  ^vas  made  the  opportunity  for  business  connected 
with  the  convention.  The  meetings  for  the  reading  of  papers 
were  held  in  the  large  assembly  hall  of  the  Arlington  Hotel, 
Vermont  avenue  and  Fourteenth  street,  and  the  headquarters  of 
the  Society  were  provided  in  the  adjoining  parlor,  which  made  an 
arrangement  of  particular  convenience,  and  which  gave  great 
satisfaction. 

The  session  was  called  to  order  at  10:30,  with  President  Mel- 
ville in  the  chair.  The  plan  of  registration,  which  had  worked  so 
well  in  previous  conventions,  was  again  carried  out,  and  seven 
reprints  from  the  register  were  issued  during  the  convention.  It 
will  appear   that  the  numbers  in  attendance  were  exceptionally 
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large  for  a  spring  meetiug.     The  registration  showed  the  follow 
ing  members  iu  attendance  : 


Albree,  C.  B. 
Aldrich,  Wm.  S. 
Allison,  Robert 
Almond,  Tbos.  R. 
Ames,  Wm.  L. 
Andrews,  W.  J. 
Archer,  E.  R. 
Ashley,  F.  M. 
Ash  worth,  Daniel 
Baldwin,  Stephen  W. 
Baldwin,  Wm.  J. 
Ball,  B.  C. 
Bancroft,  J.  S. 
Barnes,  A.  T. 
Barnes,  W.  F. 
Basford,  G.  M. 
Bates,  A.  H. 
Bates,  Edw.  C. 
Bates,  E.  P. 
Bauer,  Chas.  A. 
Blankenship,  R.  M. 
Blessing,  Jas.  H. 
Boenig,  R.  W. 
Bole,  W.  A. 
Bolton,  R.  P. 
Bond,  G.  M. 
Bonner,  W.  T. 
Bourne,  S.  X. 
Boyer,  Francis  H. 
Brash  ear,  J.  A. 
Brill,  Geo.  M. 
Brooks,  E.  C. 
Brown,  Alex.  T. 
Brvan,  W^m.  H. 
Bulkier,  H.  W. 
Bullard.  E.  P. 
Burbank,  L.  S. 
Butcher,  Jos.  J. 
Gassier,  Louis 
Castle,  J.  S.  P. 
Cheney,  W.  L. 
Christie,  Jas. 
Cole,  Winthrop 
Coleman,  Geo.  F. 
Colvin,  F.  H. 
Comly,  G.  N. 
Connell,  J.  A. 


Cooper,  H.  R. 
Coster.  E.  L. 
Cowles,  W.  B. 
Grain,  J.  J. 
Gremer,  J.  M. 
Darling,  E.  A. 
Dashiell,  B.  J.,  Jr. 
Davis,  Daniel 
Deane,  C.  P. 
Detrick,  J.  S. 
Doran,  W.  S. 
Dowst,  F.  B. 
Drewett,  W.  A. 
Drysdale,  W.  A. 
DuBosque,  F.  L. 
Easby,  Francis  H. 
Edwards,  V.  E. 
Engel,  L.  G. 
Emerson,  H. 
Fellows,  E.  R. 
Felton,  E.  C. 
Ferguson,  G.  R. 
Firth,  W^m.  E. 
Flagg,  S.  G. 
Forbes,  W.  D. 
Foster,  Chas.  E. 
Freeman,  Jno.  R. 
French,  L.  G. 
Fritz,  John 
Frothiugham,  F.  E. 
Fryer,  G.  G. 
Galloupe,  F.  E. 
Geer,  H.  G. 
Gifford,  C.  H. 
Gleasou,  Wm. 
Goodale,  A.  M. 
Gordon,  F.  ^^\ 
Gould,  W.  Y. 
Granger,  A.  S. 
Greenwood,  P.  F. 
Griffin.  C.  L. 
Grimm,  P.  H. 
Grohmann.  C.  L. 
Guest.  J.  J. 
Gwilliam,  G.  T. 
Hale,  R.  S. 
Halsey,  F.  A. 


Hand,  F.  L. 
Harkness,  "Wm. 
Hart,  F.  L. 
Hartness,  Jas. 
Harris,  F.  A.  W. 
Hawkins,  J.  T. 
Hayward,  H.   S. 
Heggem,  C.  O. 
Henderson,  Alex. 
Henning,  G.  C. 
Herr,  E.  M. 
Hillyer,  Geo. 
Higgins,  C.  P, 
Higgins,  M.  P. 
Hoi  brook,  D.  L. 
Hoxie,  W.  D. 
Huff,  S.  W. 
Hunt,  Chas.  W. 
Hutton,  F.  R.,  Secretary. 
Jacobs,  W\  S. 
Johnson,  A.  E. 
Johnson,  J.  E.,  Jr. 
Jones,  C.  R. 
Jones,  D.  P. 
Jones.  F.  R. 
Kafer,  J.  C. 
Keller,  E.  E. 
Kellogg,  J.  W. 
Kempsmith,  Frank 
Kendall,  Jas.  H. 
Kent,  Wm. 
Kerr,  C.  V. 
King,  Frank  B. 
Kirkevaag,  Peter. 
Knickerbacker,  John 
Knight,  Hervey  S. 
LaForge,  F.  H. 
Lane,  H.  M. 
Lawton,  W.  L. 
Leitch,  Meredith, 
LeVan,  W.  B. 
Lewis,  D.  J.,  Jr. 
Lewis,  Wilfred 
Logan,  Jno.  D. 
Low,  F.  R. 
McBride,  Jas. 
McClelland,  E.  S. 
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McFailiind,  Walter  A. 

McFjuluiul,  W.  M. 

McMannis,  Wm. 

Maclciiitosli,  Fred'k. 

jMaiining,  C.  II. 

Manning,  H.  G. 

INIansfiold,  A.  K. 

Mathews,  AV.  E. 

Mattice,  A.  M. 

I\Ieier,  E.  D. 

Melville.  G.  W.,  Preside7it. 

Melvin,  D.  N. 

Merriam,  F.  W. 

Merriam,  H.  P. 

Mesta,  Geo. 

Meyer,  H.  C,  Jr. 

Miller,  E.  E. 

Miller,  Spencer 

Moore,  C.  A. 

IMoore,  D.  G. 

Morgan,  C.  H. 

Morgan,  T.  R. 

Morton,  G.  L. 

Mossberg,  Frank 

Muncaster,  "VV.  J. 

Nagle,  A.  F. 

Naylor,  E.  W. 

ISeff,  E.  H. 

Newhall,  J.  B. 

Nicoll,  C.  H. 

Nichols,  0.  F. 

Norris,  H.  M. 

Noyes,  Henry 

Owens,  R.  B. 

Parker,  A.  W. 

Parks,  E.  H. 

Paul,  J.  W. 

Pierce,  W.  H. 

Phillips,  Franklin. 

Phillips,  G.  H. 

Pitman,  S.  M. 

Porter,  H.  F.  J. 

Porter,  Chas.  T. 

Pratt,  C.  R. 

Raynal,  Alfred  H. 


Heed.  Sain'l  G. 
Heed,  Wm.  E. 
Koist,  II.  (i. 
Hcynolds,  I.  H. 
Kichniond,  (Jeo. 
Richards,  F.  11. 
Richmond,  K.  C. 
Richter,  E. 
Riddell,  John 
Rider,  T.  J. 
Roberts,  Wm. 
Robinson,  H.  B. 
Rock  wood,  Geo.  I. 
Rogers,  W.  S. 
Rohrer,  A.  L. 
Roney,  Wm.  R. 
Ross,  E.  L. 
Roiix,  Paul 
Sabin,  A.  H. 
Sargent,  C.  E. 
Satherberg,  C.  H. 
Schaum,  O.  W. 
Schoenborn,  W.  E. 
Schumann,  Geo. 
Scott,  Jas.  B. 
See,  Horace. 
Serrell,  J.  A. 
Seymour,  Jos.  W. 
Simpson,  Geo.  R. 
Smith,  Geo.  H. 
Smith,  Jesse  M. 
Smith,  Oberlin. 
Smith.  S.  Howard. 
Snell,  H.  I. 
Sparrow,  E,  P. 
Spies,  Albert, 
Spilsbury,  E.  G. 
Stanwood,  J.  B. 
Stetson,  G.  R. 
Stiles,  N.  C. 
Stillman,  F.  H. 
Suplee,  H.  H. 
Swasey,  Ambrose 
Sweet,  John  E. 


Swift,  E.  H. 
Tabcr,  G(!0.  II. 
Tallman,  F.  G. 
Thomas.  E.  G. 
T<)ini)kiiis,  S.  D. 
Tompkins,  Stonewall 
Townscnd.  David 
Tribe,  James 
Tyler,  C.  C. 
Uehling,  E.  A. 
Upton,  Wm.  B. 
Varney,  Wm.  W. 
Vaux,  Wm.  S.,  Jr. 
Veeder,  C.  H. 
Victorin,  Anthony 
"Waldo,  Leonard 
W^aldron,  F.  A. 
W^allace,  W^m. 
W^are,  J.  A. 
W^arren.  B.  H. 
Washburn,  Wm.  S. 
Watson,  Wm. 
Webster,  Hosea 
Webster,  Wm.  R. 
Wellman,  Chas.  H. 
W^haley,  W.  B.  Smith 
Wheeler,  F.  Merriam 
Wheeler,  Seth 
Whitehead,  G.  E. 
Whitlock,  R.  H. 
Wiley,  Wm.  H.,  Treasurer, 
Williamson,  Wm.  C. 
Willis,  E.  J. 
Williston,  A.  L. 
Willson,  F.  N. 
Wood,  A.  J. 
Wood,  Walter 
Wood.  W.  H. 
Woolson,  I.  H. 
Wool  son,  0.  C. 
Woolson,  W.  D. 
Wood,  F.  W. 
Wright,  J.  K. 
Young,  Wm.  S. 
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The  first  order  of  business  was  the  Report  of  Tellers  of  Election 
concerning  the  members  seeking  to  join  the  Society  at  this  conven- 
tion.    It  was  read  by  the  secretary,  as  follows : 


KEPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council  to 
act  as  tellers,  under  Article  14  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed  for 
membership,  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XXXIXth 
meeting,  Washington,  D.  C,  1899. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Societ}^  and  have  proceeded  to  the  discharge  of  their  duty.  They 
would  certify  for  formal  insertion  in  the  records  of  the  Society  to 
the  election  of  the  following  persons,  whose  names  appear  on  the 
appended  list,  in  their  several  grades. 

There  were  477  votes  cast  on  the  blue  ballot,  of  which  11  were 
thrown  out  because  of  informalities.  The  tellers  have  considered 
a  ballot  as  informal  which  was  not  indorsed  with  an  autographic 
signature,  or  where  the  endorsement  was  made  by  a  facsimile  or 
other  stamp. 

Chas.  H.  Lortng,  ] 


Gus.  C.  Henning,  y  Tellers  of  Election. 

H.    H.    SUPLEE,         J 


Adams,  Edward  T, 
Apps,  Cbas.  H. 
Aue,  Joseph  E. 
Bell,  Joseph  M. 
Billiard,  Dudley  B. 
Bullard,  Edward  P. 
Catlicart,  AYm.  L. 
Corbett.  Wm.  H. 
Crawford,  David  F. 
Cummings,  Orrie  P. 
Cunningham,  Thos. 
Daly,  Michael  J. 
Davis,  Daniel 


As  Membeiis. 

Durand.  Nelson  C. 
Emerson,  Harrington 
Ferguson,  Hardy  S. 
Forstall,  Alfred  E. 
Geer,  Herbert  G. 
Guest,  Jas.  J. 
Harris,  Fred'k  A.  W. 
Hillman,  Cecil  R. 
Hoit.  Lehman  B. 
Hoi  brook.  Dio  Lewis 
Houghton,  Chas.  E. 
John.  Griffith 
Kinne,  Clarence  E. 


Klein,  Otto  H. 
Kwang.  Kwong  Y 
Loyd,  John 

MacLaren,  Malcolm  N. 
Nickel.  Franz  F. 
Nichols,  ^^'m.  Wallace 
Eotter,  Max 
Sando,  Will  J. 
Stearns,  Chas.  K. 
Yaughan,  Henry  H. 
Von  Goeben,  Carl  K. 
Wood,  Frank  J. 
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KnuMiy,  Fred.  J. 
IMurrav,  ('has.  II. 


Ackerman,  Win.  S. 
Bissell,  Geo.  W. 


Ar   A8so(;iatk8. 

Kaju,  Sam"l  D. 
Wood,  Kenneth  F. 


Yuwgor,  Edwin 


Promotion  to  Full  INlEMBKHsiiir. 


('Ijiiinlx'rlain,  Puiil  M. 
Hiker,  Andrew  L. 


Smith,  Chas.  M.  W. 
AVilliston,  Arthur  L. 


Promotion  to  Associate   Mkmukhsiiip. 
Hagar,  Edward  McKim 


Barnay,  John  M. 
Caine,  William  P. 
Castle.  John  S.  P. 
Chandler,  Irving  A. 
Chapin,  Warren  W. 
Colt,  ISam'l  G. 
Cowperthwait,  Allan 
Davey,  Warren 
Dickerman,  Wm.  Carter 
Dow,  Carl  S. 
Eldred,  Byron  E. 
Fairbanks,  Geo.  A. 


As  Junior  Members. 

Fernald,  Benj.  G. 
Grimes,  (ieo.  L. 
Hargrave,  Eussell  Wm. 
Hammers,  Morgan  J. 
lleald,  Geo.  W. 
Herbert,  Fred'k  D. 
Hitchcock,  Fred'k  M. 
Boilings  worth,  Sam'l 
Hopton,  Lemuel  R. 
Knecht.  Arthur  E. 
McCallum,  Alex.  C. 
MacPherson,  Jas.  Day 


Mason,  Daniel  A. 
ISIixter,  Geo.  W. 
Moyer,  Sam'l  L. 
Seix,  John,  Jr. 
Serrell,  Wm.  C. 
Sethman,  Geo.  H. 
Stevens,  Robt.  C. 
Vanderbilt,  Cornelius,  Jr. 
Worden,  Euclid  P. 
Young,  John  Paul 


In  view  of  the  effort  which  was  being  made  to  increase  the  col- 
lections of  the  Society  on  account  of  dues,  etc.,  with  a  view  to 
making  as  large  a  purchase  of  bonds  as  possible,  the  Finance 
Committee  had  directed  the  preparation  and  publication  of  a 
semi-annual  report.     This  report  was  as  follows  : 


SEMI-ANNUAL   REPORT   OF  THE   FINANCE    COMMITTEE  OF  THE  AMERICAN 
SOCIETY   OF   MECHANICAL   ENGINEERS,  NOV.  15,  1898 — MAY   5,  1899. 

For  first  half  of  the  current  year,  1898-9,  the  Finance  Com- 
mittee of  the  American  Society  of  Mechauical  Engineers  would 
respectfully  report  to  the  Council  and  the  Society  the  following 
statements  of  receipts  and  expenditures  which  have  passed  under 
their  direction  on  behalf  of  the  Society  during  the  period  begin- 
ning November  15,  1898,  and  ending  May  5,  1889. 

Secretary's  Balance  Sheet : 

To  Receipts  for  above  men-  By  Cash  to  Treasurer $23,827.58 

tioned  period $23,827.53 
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Itemized  statemeut  of  Jieceipts  aud  Expenditures  of  tlie  Society 
for  same  period  : 


Receipts. 


Initiation  Fees. 


^Current.  $18,859.73 
815.00' 


Dues  -j  Past. 

(Advance.  2.1o) 

Pin  Badges  and  Certificates. 

Sales  of  Publications "] 

/Volumes..     $711.75 


Rent 


Pamphlets. 
( Binding  .  . 

Engraving 

Hall....     1510.00/ 
Rooms..    1,057.08^' 

Life  Membership 

Office  Expenses  (Tel.  Tolls). 
Interest  on  Investment  (Bonds 

at  $2.50) 

Misc.     Accounts    (all     small 
sums) 


$810.00 

19.076.83 

220.50 

775.45 

71.80 
1,567,08 

100.00 

3. SO 

595.00 

7.07 


Total  Receipts $23,827.53 

Cash  on  hand  first  of  year. .  .         698.65 


Total $24,526.18 


Disbursements. 

Reprints  and  Publications.. .  $3,773.07 

Postage  and  Express 1,889.52 

Salaries 3,855.00 

Office  Expenses 251.29 

Engraving  (illustrating 

papers) 1,654.30 

Binding  Transactions 1,694. 10 

Meetings 972.76 

Work  of  Committees 6.20 

Badges  and  Cenificates 262.58 

Travelling "  150.00 

Insurance  and  Safe  Deposit.  60.00 

Rent,  Interest  and  Taxes 2,634.90 

Printing   Catalogues,    Circu- 
lars,  etc 2,079.70 

Stationery  Supplies 242.10 

House   Supplies   and   Furni- 
ture   401.61 

Library  (Book  Purchase  and 

Binding). 48.39 

Janitorial  Supplies 76.43 

Fuel 22.50 

Lighting   (gas    and    electric 

current) 257.43 

Laundry 156.50 

Repairs  to  House,  Furn..  etc.  608.79 
Collection    Charges    (Out    of 

Town  Checks) 1.03 

Interest  on  Investment, 
(Amount  due  on  coupons 
attached  to  bonds  bought 

at  time  of  purchase) 13.01 

Total  Disbursements $21,111.21 

Excess  Receipts  over  Regu- 
lar Disbursements  3,414.97 


Total $24,526.18 


Total  Cash  as  Itcniizt-d  above , $24,526.18 

"         "     Expended  as  Itemized  above 21,111.21 

Excess  Receipts  over  Regular  Expenses $3,414.97 

Expended  for  Purchase  of  $100  Bonds  bearing  interest  @  ^% $-2,700.00 

Cash  in  Treasurer's  hands 714.97 


Total $3,414.97 


$3,414.97 
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OUTRTANDINO   A^ll   Dill',   TIIK   SOCTKTY,    MaY  5,  1899. 

Amount  oiitstunding  uiid   due  from   4Gi  members,  oxcliisivo  of  new 

meml)ers  eleeted  Miiy  4,  1H99  (24  per  cent,  of   memlx-rsliip) |8,4G4.71 

Amount  outstanding  and  due  from  10  i)oii-meml)ers    for    piibl  lent  ions, 

electros,  rent,   etc.,   etc 520.58* 

Amount  outstanding  and  duo  from  84  new  members  elected  May  4,  '99, 

for  initiation  fees  and  dues 2,655.00 

Total  amount  due  the  Society  this  date $11,640.29 

264  bonds,  owned  by  tlu;  Society,  less  one  bond  turned  in  for  a  life 
membership,  which  had  its  July,  1899,  coupon  cut  off  by  former 
owner,  equals  263  coupons  at  $2.50  each $657.50 

Total   $12,297.79 

*  $340  of  this  amount  is  due  from  one  society,  which  rents  our  hall  by  the 
year,  and  this  amount  due  represents  what  it  owes  us  for  the  remaining  months 
of  the  current  year. 

As  an  indication  that  the  Society  has  felt  the  effect  of  the  easier 
times  throughout  the  country,  it  might  be  added  tliat  the  collec- 
tions at  this  period  last  year  (1897-8)  were  $21,256.86,  against 
$23,827.53  this  year,  a  net  increase  of  receipts  this  period  this 
year  over  the  same  period  last  year  of  $2,570.67. 

Investment  or  Bond  Account. 

Original  issue  of  5   per  cent,  interest-bearing  bonds  of   Mechanical 

Engineers'  Library  Association  which  expire  July  1,  1900 $32,000 

Present  Holders  of  Said  Bonds. 

Bonds  held  by  the  Council  as  Trustees  for  the  Am. 

Soc.  Mech.  Engineers  at  end  of  year  1897-8 $23,600 

Bonds  bought  this  year  with  surplus  Society  funds 

and  so  held 2,700 

Bonds  received  tliis  year  for  Life  Membership  and  so 

held 100 

Total  Bonds  so  held  by  the  Council  as  Trustees. $26,400 

Bonds  bought  by  tlie  Mech.  Engineers'  Library  Asso- 
ciation and  held  by  the  Trustees  of  same 600 

Balance  bonds  still  outstanding  in  hands  of  members     5,000 

$32,000 

It  was  estimated  by  the  Finance  Committee  at  the  first  of  the 
year  current  that  there  would  be  $3,500  available  this  year  for 
the  purchase  of  these  bonds,  and  as  shown  above  we  have  ex- 
pended to  date  $2,700  for  such  bonds,  leaving  $800  of  that  esti- 
mate still  available  for  that  purpose.     If  collections  continue  to  be 
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as  good  ;is  in  the  past  for  the  balance  of  the  current  year,  the 
Finance  Committee  hope  to  be  able  to  expend  more  than  the 
estimated  sum  for  such  bonds,  and  with  this  object  in  view  it 
is  urged  that  all  members  yet  owing  the  Society  should  remit 
promptly,  thus  lending  their  aid  toward  this  desirable  end.  It  is 
the  wish  of  the  Council  that  the  entire  issue  of  these  bonds  should 
be  acquired  by  the  Society  before  the  date  of  theii'  expiration  in 
July,  1900. 

In  its  presentation,  the  Secretary  urged  upon  all  members  the 
desirability  of  reducing  the  amount  outstanding  and  due  the 
Society,  by  prompt  attention  to  statements  of  account  which  were 
to  be  sent  to  those  whose  accounts  were  still  open  in  the  early 
summer. 

Under  the  heading  of  Motions  and  Resolutions,  the  Secretary 
read  two  letters  inviting  the  Society  to  Jiold  its  spring  meeting  of 
1900  in  the  city  of  Cincinnati,  0.  One  of  these  was  from  the 
Cincinnati  League,  and  the  other  from  the  mayor  of  the  city. 
These  invitations  were  seconded  by  Messrs.  Lane  and  Baldwin, 
and  a  motion  was  put  and  passed  that  they  should  be  referred  to 
the  Council,  with  the  request  that  that  body  should  give  favorable 
consideration  to  the  invitation  from  the  citizens  and  mayor. 

The  professional  committees  of  the  Society  were  then  called. 
The  first  was  that  upon  the  revision  of  the  Code  for  Conducting 
Boiler  Trials,  which  had  been  reported  to  the  Society  in  1885,  and 
upon  which  the  Committee  had  made  provisional  and  tentative 
reports  at  the  New  York  meeting  of  1897,  and  again  in  1898,  and 
now  presented  with  man}'  of  the  suggestions  incorporated,  which 
had  been  ofiered  in  the  discussions  of  previous  meetings.  The 
report,  with  printed  discussion,  was  presented  by  Mr.  AVm.  Kent, 
who  had  been  acting  as  Chairman  of  the  Committee  since  the 
death  of  the  late  Charles  E.  EmeiT  in  1898.  Discussion  was 
contributed  by  Professors  Benjamin  and  Kerr,  and  by  Messrs. 
Meier,  Kinealy,  Bryan,  Hale,  Suplee,  and  D.  P.  Jones.  It  was 
understood  that  the  report  and  discussion  would  be  refeiTed  back 
to  the  Committee  for  their  consideration. 

The  Committee  on  Standard  Methods  of  Reporting  Steam 
Engine  Trials  reported  progress  through  its  chairman,  Mr.  F.  H. 
Boyer.  The  work  had  taken  somewhat  of  an  international  com- 
plexion from  the  presence  of  both  British  and  American  members, 
and  replies  and  opinions  had  come  to  the  committee  in  large 
volume  from  engineers  in  both  countries.     It  was  hoped  that  the 
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preliminary  report  might  be  presented  for  consideration  by  the 
Society  at  the  fall  meeting. 

Pursuant  to  action  taken  at  the  New  York  meeting  of  1898,  a 
committee  had  been  ap])ointed  to  consider  the  advisability  of 
enlisting  the  Junior  membership  in  a  larger  share  of  the  develop- 
ment of  the  Societ3\  To  this  end  a  committee  had  been  appointed, 
and  a  report  from  this  committee  was  presented  as  follows : 

Junior  Meetings,  Season  of  1899. 

The  Junior  movement  to  enlist  a  greater  interest  and  participa- 
tion in  the  work  of  the  Society  has  now  become  fairly  established. 
Two  monthly  meetings  have  been  held,  one  in  March  and  one  in 
April,  the  first  of  which  was  well  attended  and  the  second  of 
which  taxed  the  capacity  of  the  hall. 

At  the  ]\[arcli  meeting  papers  were  read  by  Chief  Engineer 
Gardiner  C.  Sims,  of  the  Vulcan,  repair  ship  of  the  United  States 
navy,  stationed  with  Admiral  Sampson's  fleet  at  Guantanamo  Bay 
in  the  late  war,  and  by  Professor  Aldrich,  Passed  Assistant 
Engineer  on  the  same  vessel.  Mr.  Sims  gave  a  detailed  account 
of  the  loss  of  the  Maria  Teresa,  and  Professor  Aldrich  of  the 
equipment  and  work  of  the  Vulcan.  At  the  April  meeting  an 
illustrated  paper  was  presented  by  Mr.  Arthur  L.  Ttice  on  the 
history  of  the  compression  and  liquefaction  of  gases,  with 
special  reference  to  the  liquefaction  of  air,  supplemented  by  those 
experiments  that  have  been  so  generally  made  public  in  this 
connection. 

These  papers  have  been  put  in  suitable  shape,  and  are  filed  in 
the  library  of  the  Society.  Abstracts  of  them  have  been  sent  to 
each  member,  and  a  few  full  copies  provided  for  circulation  among 
those  who  wish  them. 

The  committee  that  has  this  movement  in  charge  consists  of 
B.  C.  Ball,  Arthur  L.  Kice,  Percy  Allan,  F.  E.  Frothingham,  and 
the  Secretary  of  the  Society,  as  advisory  member.  The  commit- 
tee outlined  its  creation  and  policy  in  a  report  made  at  the  March 
meeting,  which  will  be  found  in  the  Junior  transactions.  The 
following  is  a  partial  quotation  from  this  report : 

"  We  believe  that  this  proposed  movement  is  of  much  greater 
and  more  fundamental  significance  than  at  first  sight  appears.  It 
is  much  more  than  a  question  of  merely  enlisting  Junior  partici- 
pation and  interest  in  the  work  of  the  Society.     It  has  to  do  with 
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the  future  of  this  National  Society  of  Mechanical  Engineers, 
with  the  education  and  development  of  young  engineers  through- 
out the  conntr}^,  and  with  what  should  be  of  the  first  interest  to 
every  engineer  :  the  raising  of  the  standard  of  his  profession,  the 
helping  to  put  it  on  the  high  level  of  professional  w^ork  that  it 
should  occupy. 

'*  It  should  be  remembered  that  the  body  of  Juniors  will 
always  supply  the  men  who  will  represent  the  larger,  real.  Society 
in  years  to  come,  and  the  wider  their  experience  and  training,  the 
more  worthily  can  they  do  this.  If  the  Junior  members  do 
not  work  together,  do  not  strive  to  give  each  other  all  possible 
information  and  encouragement,  and  to  take  a  more  active  part  in 
the  regular  meetings  of  the  Society,  how  can  they  expect  the 
Society  to  continue  to  grow,  to  continue  to  have  its  transactions  a 
necessary  part  of  every  engineering  library,  and  to  have  those 
whose  ability  has  put  them  among  the  Senior  members  honored 
in  the  profession  ?  It  goes  without  saying  how  such  an  effort  wdll 
educate  and  develop  us  young  engineers.  We  cannot  meet  regu- 
larly, read  and  discuss  papers  and  exchange  experiences,  without 
learning  something,  and  it  will  be  a  valuable  opportunity  to 
extend  our  acquaintance  among  the  men  we  would  like  to  know. 
And  not  only  that,  but  we  will  enlist  an  outside  interest  never  felt 
before  among  the  younger  men  ;  can  increase  our  membership, 
and  so  do  better  and  better  work  ;  and  as  our  members  increase 
our  influence  increases,  and  the  Junior  section  of  the  Society  can 
make  a  name  for  itself  if  it  will.  It  is  fair  to  say  that  if  we  do 
make  a  name  for  ourselves,  and  it  is  a  good  one,  that  the  Senior 
Society  will  benefit  as  much  as  we." 

As  this  quotation  indicates,  the  primary  object  of  the  move- 
ment was  to  get  the  Junior  members  of  the  Society  together  at 
short  and  regular  intervals,  on  common  ground  and  with  common 
interests,  to  become  mutually  acquainted  and  to  exchange  views, 
so  that  interest  in  the  larger  work  of  the  Society  will  be  stimu- 
lated. Though  Junior  participation  will  still  be  one  of  the  first 
objects  sought,  the  unexpected  interest  manifested  by  Juniors  and 
Seniors  alike  makes  it  possible  for  the  committee  to  gratify  its 
desire  to  broaden  the  scope  of  the  movement,  so  that  attendance 
and  co-operation  will  be  sought  and  will  be  most  welcome  from 
all.  Monthly  meetings  will  be  held  during  the  winter  (December 
excepted)  on  the  first  Tuesday  of  each  month,  at  the  Society 
house  in  New  York.     They  will  be   of  such  nature  as   circum- 
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stMiicos  soem  to  "warrant,  the  idea  l)(;iii<^'  to  liavo  papers  and  dis- 
cussions of  interest  and  scientific  woi'tli  presented.  Special  effort 
will  be  directed  to  making  these  meetings  of  more  than  local 
interest,  and  the  committee  is  formulating  a  })lan  for  reaching  all 
distant  members.  To  make  the  meetings  of  permanent  value, 
transactions  of  each  meeting  will  be  kept  on  file  in  the  Society 
library.  These  transactions  will  be  examined  by  the  publication 
committee  with  a  view  to  having  suitable  papers  presented  by 
their  authors  at  a  regular  meeting,  in  the  regular  way. 

It  should  be  understood  that  this  movement  is  the  result  of 
effort  on  the  part  of  the  Council,  and  that  in  good  behavior  the 
Junior  committees  appointed  shall  direct  its  course. 

So  ready  has  been  the  response  to  the  efforts  of  the  committee, 
that  the  programme  for  the  coming  winter  has  already  been  de- 
termined upon.  It  was  not  easy  for  the  committee  to  decide  what 
of  the  proposed  topics  they  could  afford  to  leave  for  later  meet- 
ings. The  following  subjects  were  finally  selected  as  being  of  live 
and  immediate  interest :  Piping,  Cast  Iron  vs.  Cast  Steel,  The  Gas 
Engine,  Bearing  Metal  Alloys,  and  Mechanical  Stokers.  The  Gas 
Engine  would  probably  take  the  time  of  at  least  two  meetings. 
Definite  announcements  wdll  be  made  later. 

Fkancis  E.  Frothingham, 
Secretary  Junior  Cornmiitee. 

At  the  close,  a  meeting  of  any  Juniors  wdio  might  be  present  at 
the  Washington  meeting  w^as  requested. 

The  President  called  again  for  any  matters  of  business,  but  as 
no  motions  or  resolutions  were  presented  the  meeting  took  up  the 
consideration  of  the  professional  papers.  The  first  was  entitled 
'*  Standards  for  Direct-Connected  Generating  Sets,"  and  was  pre- 
sented b}^  J.  B.  Stanwood,  of  Cincinnati.  In  the  discussion 
Messrs.  Mansfield,  Aldrich,  Eoberts  and  Forbes  were  heard,  and 
at  its  conclusion  the  following  resolution  was  put  by  the  President, 
and  as  amended  by  the  Council  goes  upon  record  in  the  following 
form : 

^'Resolved,  That  the  Council  be  requested  to  communicate  with  the  American 
Institute  of  Electrical  Engineers  to  ascertain  if  that  institute  will  agree  to 
appoint  a  committee  to  co-operate  with  a  similar  committee,  to  be  appointed  by 
the  American  Society  of  Mechanical  Engineers,  to  consider  and  report  upon 
a  standard  series  of  capacities,  speeds,  and  necessary  dimensions  for  electrical 
generators  for  direct  connection  to  steam  engines.     Aud,  furthermore, 
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**  Resolved,  That  if  a  favorable  respon.si!  be  rt'coivcd,  \\\i\  President  be  re- 
quested, with  the  coiKuirreiice  of  the  Council,  to  appoint  a  coniniittee  of  five  to 
co-operate  with  the  committee  to  be  appointed  by  the  American  Institute  of 
Electrical  Engineers,  for  the  purpose  herein  sot  forth.'' 

It  may  be  added  tliafc  the  President  subsequently  appointed, 
under  favorable  action  b}'  the  Council,  this  committee,  to  consist 
of  Messrs.  James  B.  Stanwood,  W.  D.  Forbes,  F.  H.  Ball,  W.  M. 
McFarland,  and  A.  L.  Kolirer. 

The  other  papers  of  the  morning  were  those  by  Messrs.  Hale 
on  ''  Boiler  and  Furnace  Efficiency,"  and  F.  L.  Emory  on  "  Test 
of  a  Steam  Separator,"  in  whose  discussion  Messrs.  Roney,  Meier, 
Kent,  and  Boyer  took  part. 

The  President,  before  adjournment,  read  Article  31  of  the  Rules, 
in  which  he  was  directed  to  appoint  a  committee  to  nominate 
officers  of  the  Societ}"  for  the  ensuing  year.  This  committee  is 
to  report  in  advance  of  the  annual  meeting.  It  was  made  to  con- 
sist of  Messrs. 

Charles  Wallace  Hunt,  Chairman New  York  City. 

George  H.  Smith Providence,  R.  I. 

A.  K.  Mansfield Salem,  0. 

Henry  I.  Snell Philadelphia,  Pa. 

Walter  M.   McFarland Pittsburg,  Pa. 

The  President  directed  attention  to  the  effort  which  had  been 
made  to  distribute  widely  the  membership  of  the  committee 
among  different  sections,  and  on  motion  the  meeting  adjourned 
until  the  evening. 

It  had  been  the  purpose  of  the  Committee  of  Arrangements 
that  on  the  afternoon  of  Wednesday  the  Society  should  be  re- 
ceived by  the  President  of  the  United  States,  Mr.  William 
McKinley,  in  the  Executive  Mansion,  after  the  hour  at  which 
this  is  open  to  the  general  public.  By  reason  of  the  necessity 
imposed  upon  the  President  to  secure  rest  and  recuperation  at 
the  Yirginia  Hot  Springs,  the  Society  was  compelled  to  forego  the 
anticipated  pleasure  of  a  personal  greeting.  The  White  House, 
however,  was  open  to  the  visitors,  under  the  guidance  of  Col.  T. 
A.  Bingham,  in  charge  of  the  public  buildings,  and  an  opportunity 
was  given  to  visit  the  rooms  which  are  usually  not  open  to  a  visit- 
ing public.  The  conservatories  were  particularly  enjoyed.  Oppor- 
tunitj^  was  taken  on  this  afternoon  for  the  taking  of  a  group 
photograph  upon  the  steps  of  the  State,  War,  and  Navy  Building. 
After  the  completion  of  the  visit  to  the  White  House,  the  party 
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took  trolley  cars  for  51  visit  to   ilio  Heights  of  Arlington  and   the 
Soldiers'  (yenieter^'. 

Third  Session.     AVednesday  Evening,  May   10th. 

The  ])rofessional  papers  of  the  Wednesday  evening  session 
were  as  follows  :  "  llelation  Between  Initial  Tension  and  Power 
Transmittal  by  a  Belt,"  by  F.  L.  Emory  ;  ''  Experiments  on 
Various  Ty])es  of  Fire  Hydrants,"  by  0.  L.  Kewcomb  ;  "  Ex- 
periences with  Deep-Well  Pumping  Rods,"  by  G.  W.  Bissell ; 
"  Pipe  Flanges  and  Their  Bolts,"  by  A.  F.  Nagle  ;  "  Manufacture 
of  Car  Wheels,"  by  Geo.  B.  Henderson.  In  the  discussion  of 
the  evening  Messrs.  Aldrich,  F.  B.  Jones,  McFarland,  Lewis, 
Hutton,  Kerr,  Boyer,  Halsey,  Bolton,  McBride,  Kent,  Supleo, 
J.  E.  Johnson,  Jr.,  Melville,  Rockwood,  Hawkins,  Meyer,  Hig- 
gins,  and  Ashley  took  part. 

Fourth  Session.     Thursday  Morning,  May  11th. 

The  papers  of  the  morning  were  as  follows :  "The  Equipment 
of  Tall  Office  Buildings  in  New  York  City,"  by  R.  P.  Bolton  ; 
"  Rolling  Mill  Fly- Wheels,"  by  John  Fritz.  The  latter  was  moved 
forward  from  its  previously  assigned  place,  and  displaced  the  regu- 
lar papers  of  the  morning.  In  the  discussion  on  the  tall  buildings 
and  the  fly-wheel  the  participants  were  Messrs.  Rockwood,  Bryan, 
Ashley,  Roberts,  Kerr,  Kent,  O Berlin  Smith,  Henning,  McBride, 
Lewis,  Stanwood,  F.  R.  Jones,  Boyer,  Brashear,  Halsey,  Comly, 
and  Hawkins.  Mr.  Fritz  was  also  persuaded  to  add  his  remarks 
to  the  discussion  on  Mr.  Nagle's  paper  on  pipe  joints,  at  the  close 
of  this  session.  So  much  time  had  been  consumed,  however, 
that  it  w^as  made  necessary  to  move  forward  the  discussion  on 
power  plants  for  large  buildings  or  groups  of  buildings  until 
Friday  morning. 

On  the  afternoon  of  Thursday  the  party,  by  invitation,  visited 
the  big  gun  factory  of  the  Navy  Yard  and  the  buildings  attach- 
ing to  the  Ordnance  Museum,  but  special  interest  centered  around 
the  experimental  model  tank  wdiich  had  recently  been  completed. 
The  visitors  were  permitted  to  inspect  in  detail  the  bridge  and  its 
motor  machinery,  the  dynamometer  appliances  and  their  record- 
ing attachments,  and  the  provisions  for  the  safety  arrest  of  the 
moying  bridge  at  high   speed,     Thej  were  also  escorted  to  the 
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shop  where  the  models  were  made,  and  were  shown  the  special 
machiuer}^  used  iu  reduplicating  the  lines.  After  the  visit  was 
completed,  those  who  desired  were  conducted  by  the  cars  of  the 
traction  company,  without  charge,  to  the  other  end  of  the  city  for 
a  visit  to  the  power-house  of  the  company. 

In  the  evening  the  visiting  members  and  their  ladies  were  the 
guests  of  Mrs.  George  Westinghouse,  in  the  Blaine  mansion  on 
Dupont  Circle.  A  great  number  of  representative  residents  of 
Washington,  both  in  its  political  and  official  circles,  had  been  in- 
vited to  meet  the  Society,  and  to  furnish  accommodation  an  extra 
structure  had  been  erected  to  form  a  ball-room  at  the  rear  of  the 
house.  A  second  orchestra  was  established  in  this  ball-room  for 
the  enjoyment  of  those  who  were  out  of  hearing  of  the  principal 
orchestra  upon  the  landing  of  the  stairs.  It  was  a  pleasure  to 
see  and  greet  persons  whose  names  had  become  familiar  by  rea- 
son of  their  achievements  during  the  recent  war.  The  orchids 
and  the  decorations  were  upon  a  scale  of  beauty  that  will  long  be 
remembered. 

Fifth  Session.     Friday  Morning,  12th. 

This  session  was  called  at  an  earlier  hour  than  usual,  l)y  reason 
of  the  disturbance  in  the  programme  which  had  been  caused  by 
the  discussion  of  fly-wheels  on  the  previous  day.  The  papers  of 
the  morning  covered  the  following  :  Storm  Bull,  "'  Central  Heat- 
ing Plant  of  the  UniA'Crsity  of  Wisconsin  ''  ;  E.  A.  Darling,  '•  The 
Power  Plant  of  a  University  "  ;  G.  I.  Alden,  ""  The  Plunger  Eleva- 
tor "  ;  C.  K.  Pratt,  "  ElevatoVs  "  ;  C.  H.  Quereau,  "  The  Allen  Yalve 
for  Locomotives  "  ;  F.  W.  Gordon,  "A  New  System  of  Talve  for 
Steam  Engines,  Air  Engines  and  Compressors."  The  partici- 
pants in  debate  were  Messrs.  Bolton,  Bryan,  Kent,  F.  E.  Jones, 
Robinson,  Aldrich,  Boyer,  Rogers,  Oberlin  Smith,  Wm.  J.  Bald- 
win, P.  H.  Grimm,  Le  Yan,  and  Woolson. 

At  the  close  of  the  papers  the  concluding  business  of  the  con- 
vention came  in  order,  and  the  consideration  of  motions  and  reso- 
lutions. The  Secretary  read  from  the  Council  minutes  the  fol- 
lowdng  resolutions : 

Resolved,  TLat  the  Association,  as  a  body  andthrougli  its  individual  members, 
urge  upon  Congress  the  necessity  of  relieving  the  present  overcrowded  condi- 
tion of  the  Patent  Office,  and  providing  sufficient  room,  force,  and  facilities  for 
the  prompt  and  proper  execution  of  its  work. 

Resolved,  That  we  further  urge  that  the  records  of  the  office,  which  so  largely 
30 
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r()iistitiit(>  ilio  legal  ovidonco  of  title  of  so  iiiany  of  the  largo  manufacturing 
industries  of  this  country,  should  be  more  safely  stored,  and  that  amph;  appro- 
l)riations  be  nuide  for  providing  incombustible  receptacles  for  the  records, 

Ii'csolrc.d,  That  \\v.  cspccnally  urge;  that  the  library  of  the  Patent  OflRce,  upon 
Avhich  the  elhciency  and  accuracy  of  the  work  of  tin!  bureau  depend,  shall  have 
such  ample;  appro])riation  for  its  extension  in  its  s])ecial  i'loAd,  and  for  keeping  it 
fully  abreast  of  the  ])rogress  in  the  mechanical  and  manufacturing  arts  of  the 
day. 

Resolved,  That  this  Association  urge  the  necessity  of  giving  to  the  Patent  Office 
the  use  of  the  entire  building  in  which  it  is  now  located,  and  that  the  moneys 
l^aid  into  the  Patent  Otiice  by  inventors  be  applied  so  far  as  necessary  to  the  uses 
of  the  office. 

Mr.  Hunt  rose  to  second  action  upon  these  resolutions,  and 
spoke  as  follows : 

Mr.  C.  W.  Hunt. — In  rising  to  present  motions  urging  the  action 
of  the  Society  upon  these  resolutions,  I  would  call  the  attention 
of  the  Society  to  the  fact  that  this  Government  has  two  sources  of 
income :  one  is  that  which  comes  from  taxation,  direct  and  indi- 
rect, and  the  other  is  the  income  from  its  Patent  Office.  The  first 
resolution  I  will  offer  is  : 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  hereby  approve 
and  confirm  the  action  of  the  Council  of  the  Society  in  urging  Congress  to  pass 
such  laws  and  make  such  provisions  as  will  enable  the  Patent  OflSce  to  dispatch 
the  business  of  the  bureau  in  an  effective  and  accurate  manner. 

The  second  resolution  is  : 

Resolved,  That  we  recommend  that  our  individual  members  be  requested  to 
bring  the  wisdom  and  justice  of  the  action  proposed  to  the  personal  attention  of 
our  public  officers  as  the  way  opens  to  them. 

2fr.  Ashwortli. — I  move  the  adoption  of  the  resolutions. 

The  motion  was  carried. 

The  Secretary  then  called  the  attention  of  the  meeting  to  the 
precedent  which  had  seemed  to  work  well  at  previous  meetings, 
whereby  the  Council  should  appoint  a  committee  of  members  to 
draft  the  resolutions  of  thanks,  whereby  the  deliberative  body 
should  put  on  record  its  appreciation  of  the  courtesies  extended 
to  them  during  their  visit  in  the  convention  city.  He  held  in 
hand  the  report  of  such  a  committee  in  the  form  of  a  series  of 
resolutions  which  were  read,  seconded,  and  enthusiastically 
adopted.  They  carried  with  them  the  instructions  to  transmit 
them  to  those  interested.     The  resolutions  were  as  follows  : 

The  members  of  the  American  Society  of  Mechanical  Engineers,  at  the  close 
of  this  most  successful  Washington  meeting,  desire  to  put  on  record  their  sincere 
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appreciation  of  the  courtesies  received  at  the  hands  of  the  Board  of  Trustees  of 
the  Corcoran  Art  (Jallery.  The  oi)enino;  reception  in  the  spacious  halls  of  that 
structure  was  an  earnest  of  the  brilliancy  and  success  which  was  to  attach  to  a 
memorable  meeting  of  the  Society. 

In  this  connection  tlie  Society  wants  to  say  to  Col.  T.  A.  l^inghani.  United 
States  Engineers,  that  liis  address  of  welcome  on  that  evening  formed  a  fitting 
prelude  to  the  generous  courtesy  with  which  the  City  of  Washington  has  re- 
ceived the  visiting  engineers. 

liesolvcd.  That  while  it  is  sometimes  desirable  that  the  h^ft  hand  of  a  Society 
should  not  know  what  its  right  hand  is  doing,  yet  the  Society  has  learned  with 
])rideaud  pleasure  that  to  its  honored  President,  Rear- Admiral  George  W.  ]\Iel- 
ville,  Engineer-in-Chief,  U.  S.  X.,  the  Society  owes  a  debt  of  pleasure  for  his 
share  in  making  that  evening  brilliant  and  successful. 

It  is  not  always  easy  to  return  thanks  to  yourself,  but  the  President  will  under- 
stand what  the  Society  would  like  to  say,  now  that  it  has  a  chance  to  do  so. 

Resolved,  That  the  thanks  of  the  Society  are  due  to  the  Curator  of  the  (iallery. 
Dr.  F.  S.  Barbarin,  for  his  admirable  arrangements  for  the  comfort  of  the 
visitors,  and  for  the  most  delightful  way  in  which  his  responsible  duties  have 
been  discharged. 

Resolved,  That  the  sincere  thanks  of  the  American  Society  of  Mechanical 
Engineers  are  due  and  extended  to  President  William  McKinley,  and  to  his 
efficient  aides  in  charge  of  the  Executive  Mansion,  for  the  invitation  to  visit  the 
White  House  under  such  favorable  circumstances.  The  Society  can  only  express 
its  keen  regret  and  sympathy  that  the  occasion  of  the  President's  absence  from 
the  city  for  the  sake  of  his  health  should  have  had  to  be  the  reason  which  has 
prevented  the  members  and  their  ladies  from  greeting  the  President  in  person  on 
the  occasion  of  this  reception.  They  express  the  hope  that  the  rest  will  bring  a 
speedy  return  to  health  and  strength  for  the  responsible  duties  of  the  presidential 
office. 

The  formal  mould  of  preamble  and  resolution,  whereby  a  deliberative  body 
tries  to  put  on  record  the  feelings  which  animate  the  individual  members  of  that 
body,  is  an  unsatisfactory  vehicle  when  a  depth  of  appreciation  and  a  warmth  of 
recognition  are  to  be  conveyed  such  as  animate  the  Society  of  Mechanical  Engin- 
eers in  its  memory  of  the  reception  Thursday  evening.  May  11th,  tendered  to  the 
Society  by  Mr.  and  ^Mrs.  George  Westinghouse,  of  Washington. 

The  engineers  are  themselves  familiar  with  what  it  means  to  arrange  under- 
takings which  involve  immense  detail,  and  for  this  reason  are  the  more  apprecia- 
tive of  the  result  when  they  see  successful  planning  by  others,  and  when  that 
planning  is  for  them.  The  beauty  of  the  Blaiue  mansion  and  its  treasures  would 
have  been  a  pleasure  in  themselves,  but  the  decorations  and  the  art  evinced  in 
the  special  construction  planned  by  Mr.  and  Mrs.  Westinghouse,  together  with 
the  most  admirable  arrangements  for  the  handling  of  an  unusual  number  of 
visitors,  will  form  a  pleasant  memory  of  our  Washington  meeting  which  it  will 
take  long  to  dim. 

The  Society  appreciates,  also,  the  opportunity  of  meeting  under  such  favorable 
circumstances  so  great  a  proportion  of  the  delightful  citizenship  of  the  Federal 
Capital,  and  the  opportunity  of  taking  by  the  hand  many  whose  names  belong  to 
the  history  of  our  country  in  the  closing  years  of  the  century. 

The  Society  request,  therefore,  that  in  the  following  action  their  host  and 
hostess  will  read  between  the  lines  a  warmth  of  real  feeling  which  is  inade- 
quately conveyed  in  the  following  resolutions  : 


400  i'1{()('i<:kdings  of  the 

Ucxoliud ,  Tlnil  the  Society  of  iMcchsiiiical  l-Jiginccrs  instruct  its  Council  to 
convey  to  iMr.  and  Mrs.  W('stin<i:liousc,  by  a  personal  expression,  tin;  tliunks  of 
the  Society  for  tiieir  recej)tion  during  the  Washington  meeting. 

UcsoliYd,  That  tlie  Secn^tary  l)e  directed  to  hav(i  these  resolutions  engrossed  in 
projx'r  form  for  transniittnl  to  Mr.  and  Mrs.  Westinghonse,  together  with  a  jjroper 
letter  accom])anying  them. 

Jiesolved,  That  the  .\ni(Mican  Society  of  Mechanical  Kngiiiecrs  has  a|)preciat(;d 
most  heartily  th(>  o])])')rt  unity  which  was  extended  to  it  on  Thursday  afternoon  to 
visit  the  Navy  Yai'd  and  its  varied  intcrc^sts.  They  would  ask  that  tlxTir  thanks 
may  be  cou])led  with  a  special  expi'ession  i;f  recognition  to  Commandant  A.  II. 
^McCorniick,  of  the  Naw  Yard,  and  to  Admiral  Charles  O'Xeil,  of  tlu;  Ordnance 
Department.  They  would  also  (>x press  to  Naval  Constructor  David  W.  'i'aylor  a 
most  a])preciative  word  for  the  exhibition  of  tin;  technical  details  of  the  ex])eri- 
mental  inodel  tank  and  its  accessories,  and  for  his  own  courtesy  and  assiduity  in 
his  attention  to  the  visiting  members. 

The  American  Society  of  Mechanical  Engineers  desires  to  express  its  recogni- 
tion of  the  special  courtesy  extended  to  the  members  with  respect  to  opportunities 
for  a  visit,  under  such  favorable  circumstances,  to  the  AVashington  Monument. 

They  recognize  the  kind  hand  of  their  friend,  Col.  T.  A.  Bingham,  in  charge 
of  public  buildings  and  grounds,  in  the  admirable  arrangements  which  have  heen 
made  for  the  pleasure  of  the  visitors  during  their  stay. 

Resolved,  That  the  Society  of  Mechanical  Engineers,  upon  the  adjournment  of 
this  Washington  meeting,  desire  to  express  to  Chief  Engineer  George  W.  Baird, 
U.  S.  N.,  their  sincere  thanks  for  the  arrangements  which  he  has  made  for  visits 
by  the  members  to  xhc  State,  \A'ar,  and  Navy  Building,  for  the  providing  of 
guides  and  other  facilities.  It  is  impossible  in  this  resolution  to  include  in  detail 
all  the  courtesies  which  have  been  enjoyed  by  the  members  individually  at  the 
hands  of  individual  representatives  of  these  departments.  The  best  that  the 
Society  can  do  is  to  ask  that  any  failure  of  theirs  to  give  special  and  personal 
recognition  means  that  they  have  received  so  much  of  kind  service  that  it  has 
become  impracticable  to  give  anything  like  adequate  expression  of  thanks. 

The  American  Society  of  Mechanical  Engineers  desires  to  thank  Mr.  Franklin 
W.  Smith,  Curator  of  the  Halls  of  the  Ancients,  for  the  special  courtesies  and 
facilities  extended  to  our  members  and  their  ladies  on  their  visits  to  these  inter- 
esting oxhibits. 

The  thanks  of  the  American  Society  of  Mechanical  Engineers  are  extended  to 
the  authorities  of  the  Library  of  Congress,  and  particularly  to  Mr.  Bernard  K. 
Green,  Superintendent,  for  courtesies  enjoyed  during  their  stay  in  Washington. 

There  is,  perhaps,  no  department  of  the  governmental  service  in  which  the 
manufacturers  and  mechanical  engineers  of  America  feel  a  keener  interest,  or 
whose  importance  they  recognize  more  fully,  than  that  of  the  U.  S.  Patent  OflBce. 
In  this  view  they  want  to  extend  to  Charles  II.  Duell,  Commissioner,  and  the 
Assistant  Commissioner,  Arthur  P.  Greeley,  and  their  assistants,  their  thanks 
for  the  courtesies  in  connection  with  the  visits  -which  have  been  paid  to  the 
Patent  Office  by  members  of  tlie  Society.  It  is  the  hope  of  the  body  that  as  the 
result  of  better  knowledge  of  the  limitations  under  which  the  Patent  Office  is 
struggling  to  do  its  great  work,  some  action  may  be  taken  which  will  secure  the 
U.  S.  Patent  Office  some  recognition  and  increased  facilities  for  the  work  upon 
which  it  is  engaged. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  desire  to  express 
to  Prof.  C.  F.  Marvin,  rnd  all  other  officials  of  the  U.  S.  Weather  Bureau,  thcs? 
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thanks  for  the  complete  arrangements  made  In-  tliat  bureau  for  the  visits  of 
iliose  interested  in  its  manifohl  duties. 

The  American  Society  of  Mechanical  Engineers,  on  the  adjournment  of  its 
Washington  meeting,  desires  to  put  on  record  its  hearty  thanks  to  Prof.  Henry 
fv  Pritchett,  Superintendent  of  the  U.  S.  Coast  and  (ieodetic  Survey  Office,  and 
to  those  connected  with  it,  for  their  courtesy  and  arrangements  in  their  behalf. 

Resolved,  That  tlie  tlianks  of  the  Society  are  due  and  extended  to  Prof.  Wil- 
liam Ilarkness  and  to  his  competent  aides  in  charge  of  the  U.  S.  Naval  Observa- 
tory fdr  complete  arrangements  for  the  i)leasure  of  those  who  had  the  oppor- 
tunity to  visit  this  distinguished  centre  from  which  radiate  lines  of  interest  all 
over  the  country,  having  a  most  important  technical  bearing. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  desires  to  thank 
Mr.  George  M.  Bowers,  Commissioner  of  Fish  and  Fisheries,  for  the  special 
opportunity  to  visit  the  aquarium  and  other  display,  showing  the  important 
work  upon  which  they  are  engaged.  Their  thanks  are  due  in  particular  to  Pa.st 
Assistant  Engineer  F.  S.  Bowers,  U.  S.  X.,  who  was  so  courteous  to  those  visit- 
ing this  installation. 

The  American  Society  of  Mechanical  Engineers  take  occasion  to  express  to 
Mr.  Walter  Ashfield  IMcFarland,  and  the  other  officials  connected  with  the 
Washington  Water  Works  their  thanks  for  the  courtesies  of  their  invitation  to 
visit  its  interesting  plant,  and  for  the  attentions  which  have  been  paid  to  those 
of  the  members  who  have  been  able  to  accept  the  invitation. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  extends  to 
F.  W.  Palmer.  Public  Printer,  and  to  his  associates  in  the  (iovernment  Printing 
Office,  its  sincere  thanks  for  the  cordial  invitation  to  visit  the  power  plant  of  that 
office,  upon  the  occasion  of  its  recent  meeting. 

This  invitation  is  appreciated  none  the  less  by  reason  of  the  fact  that  the  pressure 
of  other  engagements  has  prevented  any  considerable  number  from  availing  of  it. 

Resolved,  That  the  thanks  of  the  American  Society  of  Mechanical  Engineers 
are  extended  to  Dr.  E.  M.  Gallaudet  for  his  courteous  invitation  to  the  visiting 
members  to  witness  the  exercises  of  the  College  for  the  Deaf.  The  members 
regret  that  the  pressure  of  other  opportunities  upon  their  limited  time  during 
the  Washington  visit  has  made  it  impossible  to  avail  to  any  extent  of  many  of 
the  opportunities  which  have  been  put  within  their  reach. 

To  the  Presidents  and  officials  of  the  street  railroad  companies  of  Washington 
the  Society  of  Mechanical  Engineers  wish  to  express  their  sincere  thanks  for 
the  courtesy  of  a  free  transportation  and  special  arrangements  for  their  comfort, 
and  for  the  privilege  of  a  most  interesting  visit  to  their  respective  power  stations 
during  the  time  of  their  stay. 

The  American  Society  of  Mechanical  Engineers  desires  to  express  to  the  Board 
of  Governors  of  the  Army  and  Xavy  Club,  and  to  W.  H.  H.  Southerland.  Sec- 
retary, its  sincere  thanks  for  the  privileges  of  the  club  extended  to  members 
during  the  period  of  the  session  of  the  Society  in  Washington. 

It  has  been  a  feature  of  this  meeting  that  the  opportunities  which  Washington 
has  placed  within  the  reach  of  members  of  the  Society  have  been  so  numerous 
that  it  has  not  been  practicable  to  avail  of  many  considerable  attractions. 

To  the  Board  of  Governors  of  the  Cosmos  Club  the  American  Society  of  Me- 
chanical Engineers  desires  to  extend  a  most  appreciative  vote  of  thanks  for  their 
action  in  extending  to  the  visitors  in  Washington  the  courtesies  of  the  club 
house  during  the  days  of  their  stay. 

The  manv  attractions  of  the  citv  have  filled  so  full  the  time  which  the  visitors 
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r()ul<l  spani  from  tliclr  jjrofcssioiuil  sessions  tliiit  it  hus  boon  possil)l(' for  a  limited 
niiinher  only  1o  aviiil  of  the  ])rivile<res  wliicli  luid  Ix'cn  so  courteously  oxt(>n(l(!(l. 

To  Major  IJicliard  Sylvester,  Cliief  of  I'oliee  of  tlie  W'asliin^'-ton  Police  Force, 
the  American  Society  of  Mechanical  l^inirineers  extetuls  its  hearty  a])preciation 
for  the  a(lmirul)l(!  ])olice  arrangements  whicli  liav(!  added  so  much  to  the  smootli 
workinp^  of  the  Washington  raeeling  of  the  visiting"  engineers. 

Among  tlio  special  and  individual  courtesies  which  Wasliington  alone  could 
render  to  the  visiting  body  is  the  opi)ortunity  for  the  visit  to  the  art  treasures 
which  liave  been  gathered  together  in  this  c(mtral  city.  The  members  and  their 
ladies  who  have  enjoyed  the  privilege  of  visiting  the  gallery  of  Mr.  Thos.  Iv 
AVaggaman  (l(>sire  to  ex])ress  to  him  their  sincere  and  appreciative  thanks  for  the 
pleasure  he  gave  thoni  by  his  kind  interest. 

The  American  Society  of  Mechanical  iMigineers  desires  to  thank  the  Local  and 
Executive  Committees  for  their  thoughtful  methods  and  able,  untiring  efforts, 
which  could  not  but  compel  success  and  have  resulted  in  making  this  conven- 
tion, tlie  largest  ever  held,  a  most  memorable  occasion  in  our  history. 

The  perfection  of  their  arrangements,  the  judicious  distribution  of  the  time 
between  business  meetings,  excursions  to  points  replete  with  interest  to  engineers 
and  patriots  alike,  and  social  gatherings  warm  with  true  Southern  hospitality, 
made  our  stay  one  round  of  enjoyment,  in  which  it  were  difficult  to  tell  whether 
profit  or  pleasure  predominated. 

The  American  Society  of  Mechanical  Engineers  desires  to  thank  the  Commit- 
tee of  Ladies  for  the  bright  welcome  extended  to  our  wives  and  daughters,  and 
the  charming  manner  in  which  their  duties  as  guides  v/ere  performed,  adding  a 
living  interest  to  the  archjeological,  historical,  scientific,  and  artistic  collections 
for  which  their  beautiful  city  is  famed. 

In  acknowledging  tlie  resolution,  on  behalf  of  the  Local  Com- 
mittee its  chairman  spoke  as  follows  : 

Mr.  Frank  B.  King. — In  acknowledging  the  Society's  vote  of 
thanks,  as  chairman  of  the  Executive  Committee  there  is  one 
thought  which,  I  believe,  all  the  resident  members  desire  to  leave 
with  you. 

Before  the  name  of  AVashington  was  firmly  fastened  upon  this 
capital  it  was  widely  known  throughout  the  States  as  *'  The 
Federal  City."  There  was  a  significance  to  our  grandfathers  in 
that  name  which  we  have  in  a  measure  lost,  and  we  must  regret 
that  it  should  be  so.  Washington  has  suffered  from  nothing  so 
much  as  the  unwillingness  of  the  population  at  large  to  recognize 
in  it  the  Capital  of  a  great  country.  Our  City  Council  is  the 
Congress  of  the  United  States,  but  each  incoming  Congressman 
has  to  undergo  years  of  training  before  he  understands  that  he 
has  obligations  in  this  respect.  Indeed,  he  is  more  apt  to  regard 
the  District  of  Columbia  as  an  experimental  station,  where  nil 
things  of  doubtful  utilit}'  maybe  tested  before  they  are  applied  to 
his  precious  constituency. 
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I  doubt  whether  a  majority  of  our  visitors,  though  they  fairly 
represent  the  thinking  class  of  the  population,  have  ever  given 
this  matter  attention,  and  I  would  d-sk  you,  in  leavingus,  to  spread 
this  thought;  and  to  move  many  of  jour  associates  in  the  circles 
in  which  you  are,  as  a  rule,  so  influentially  connected,  to  come 
frequently  to  Washington,  to  glory  in  its  development,  and  in  a 
truly  national  spirit  direct  its  growth. 

Washington  and  the  Society  can  help  each  other  much.  There 
are  the  strongest  reasons  why  our  conventions  should  be  held 
here  at  stated  intervals,  and  be  looked  forward  to  as  regularly 
as  those  in  New  York.  They  might  be  three  years  apart ;  they 
might  be  four  or  five  years,  but  they  should  not  be  twelve  years. 
The  idea  of  periodicity  must  not  be  lost,  and  no  Washington 
meeting  should  be  set  aside,  except  for  a  World's  Fair,  or  some 
supreme  professional  attraction.  We  have  shown  you  that  no 
other  city  can  bring  out  such  an  overwhelming  gathering  of  our 
members,  and  that  must  always  be  one  of  the  main  objects  of 
our  conventions. 

I  would  entwine,  if  possible,  yet  more  closely  the  success  of  the 
Society  and  the  progress  of  the  nation,  and  as  a  nation's 
progress  finds  its  idealization  in  the  complexion  of  its  capital, 
Washington  should  be  the  object  of  your  frequent  pilgrimage  and 
sincere  solicitude. 

I  hope,  then,  that  our  convention  here  does  but  inaugurate  an 
endless  series  of  more  and  more  brilliant  occasions,  and  that 
long  after  we  are  gathered  to  our  fathers  the  Society  shall  still 
be  holding  its  periodical  conventions  in  this  then  resplendent 
city,  "  the  eternal  Capital  of  an  eternal  Nation." 

The  President  thereupon  announced  that  a  motion  to  adjourn 
would  be  in  order,  which  was  made,  j)ut,  and  carried. 

The  closing  official  event  of  the  convention  programme  was 
the  excursion  of  the  Society  by  steamer  to  Mount  Vernon  and 
the  tomb  of  Washington.  •  This  was  set  for  the  afternoon  of 
Friday.  Pursuant  to  the  policy  on  which  the  Society  aims  to 
conduct  its  meetings,  the  tickets  for  this  boat  trip  were  pur- 
chased by  the  members,  an  addition  of  a  few  cents  being  made 
to  the  price  of  each  ticket  by  the  Local  Committee,  in  order  that 
a  wreath  might  be  presented  by  the  Society  on  the  occasion  of 
its  visit  to  the  tomb,  and  laid  with  fitting  ceremony  as  a  mark 
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of  respect  from  the  Soci(^ty.  A])[)r()])rijite  remarks  were  made 
by  ex-President  C.  W.  Hiiiii  at  tlie  ji;rave  of  Washington,  and 
the  wreath  Avas  attaclied  to  the  grating.  Members  then  visited 
the  historic  mansion  and  its  collections,  and  returned  by  boat  to 
the  city. 

An  interesting  feature  of  the  visit  of  the  Society  to  Mount 
Yernon  took  the  form  of  an  aftermath  on  the  morning  of  Satur- 
day, May  13th.  Mr.  A.  H.  llaynal,  Secretary  of  the  Conimitt:^e 
of  Arrangements,  planted  a  fine  white  oak  sapling  near  tlu;  toml), 
in  the  name  of  the  Society,  as  a  memorial  of  their  visi".  The 
ceremony  was  performed  in  an  appropriate  and  dignified  manner, 
in  the  presence  of  the  custodian  of  the  grounds,  Mr.  Harrison 
Howell  Dodge,  and  of  Mrs.  Mitchell,  wdio  acted  as  sponsor. 
Mrs.  Mitchell  is  the  granddaughter  of  the  Dean  of  the  Eegents. 
The  tree  will  be  one  of  a  row  of  memorial  trees  on  the  drive- 
way that  leads  from  the  tomb  to  the  mans'on.  It  is  numbered  six, 
on  the  left-hand  side  of  the  driveway,  about  100  feet  from  the 
tomb.  The  Board  of  Kegents  of  the  Mount  Vernon  Association 
were  in  session  at  the  mansion,  and  expressed  the  thanks  of  the 
Association  to  the  Society  for  the  handsome  floral  tribute,  and 
the  free  thus  passed  into  the  responsible  possession  of  the 
authorities. 

In  the  evening,  as  well  as  on  the  evening  of  Wednesday,  tlie 
Washington  Monument  was  made  a  special  feature  for  ihe  inter- 
est of  the  members.  Col.  T.  A.  Bingham  and  his  representatives 
were  present  to  explain  fo  visitors  the  features  of  interest  visible 
from  the  top  of  the  monument  Later,  also,  under  the  compe- 
tent guidance  of  Mr.  Bernard  R.  Green,  Superintendent  of  the 
Congressional  Library,  the  members  were  privileged  to  visit  the 
ligh  ing  and  ventilating  machinery  of  that  beautiful  building, 
as  well  as  the  mechanical  arrangements  for  conveying  books 
from  the  library  to  the  committee  rooms  at  the  cap  tol,  and  the 
distributing  system  in  ihe  library  itself.  The  visit  to  tlie  read- 
ing room,  and  the  explana  ion  of  is  adminis  ration,  were  made  to 
the  members  after  the  general  public  had  been  dismissed  from 
it  by  the  close  of  the  reading  hours,  so  that  ihe  visi'ors  had  full 
opportunity  to  see  all  that  they  desired  without  interference. 

Besides  wdiat  has  been  mentioned  in  the  regular  schedule, 
there  was  much  of  individual  and  semi-personal  attention  ex 
tended  to  the  Society,  of  w^hich  the  resolutions  of  thanks  make 
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meiitioiJ,  but  wliicli  were  not  a  feature  of  the  official  programme. 
Special  mention  mioht  be  made  of  the  courtesies  of  the  im- 
portant clubs,  the  Waggaman  Gallery,  the  Hall  of  the  Ancients, 
etc. 

The  suggestion  made  by  Mr.  King  met  with  a  certain  emphasis 
of  general  approval,  that  the  policy  of  holding  meetings  period- 
ically in  the  national  capital  would  be  one  wliicli  would  not 
only  be  very  agreeable  to  the  members  but  would  also  be  of 
advantage  to  the  profession  and  to  the  city  of  Washington,  as 
well  as  emphasizing  the  distinctly  national  character  of  the 
organization.  The  question  will  be  brought  up  and  considered 
in  the  Council. 
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DCCCVIII.* 

RELATION    BETWEEN    THE    INITIAL    TENSION  AND 
POWER    TRANSMITTED   BY  A    BELT. 

HY    F.    L.    KMOKY,    MOIUiANTOWN,   W.    VA. 

(Member  of  the  Society.) 

By  an  examination  of  the  diagram  (Fig.  146)  it  would  appear 
that  the  tension  on  the  belt  decreases  gradually  along  the  arc 
EBD  from  the  value  T,  at  E  to  T^  at  D.  Let  it  be  T  at  B  and 
T  4-  (IT  tit  C.  The  portion  CB  of  the  belt,  when  the  latter  is 
at  the  point  of  slipping,  is  then  under  the  action  of  the  forces 
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Fig.  146. 

T^,  T  -\-  clT,  and  of  the  reaction  dR  ;  therefore  the  reaction  must 
pass  through  the  intersection  of  the  components  and  makes  an 
angle  with  the  radius  equal  to  the  coefficient  of  friction.  Re- 
solving these  forces  along  T  and  at  right  angles  to  it,  and  we 
have  T  +  dR^incp=  T  +  dT,  dR  cos  cp  ==.  {T  +  dT)  sin  dS  = 
{T  +  dT)  dO,  and,  if  along  and  at  right  angles  to  T  +  dT^  then 

dl^ 
dR  sin  cp  ~  dT,    dR  cos  q>  —  TdO^    dividing,    and   tan  cp  =  -frrj, 

dT  T 

since  tan  q)  —  //,  then   -^  =  f^idO,  and,  integrating,  log  y^  =  yu^, 


or 


T. 


otJ^e 


or 


T,  =  T^e^',  and  ,\  T,~  T.=  T^  {e^'  -  1). 


*  l*iesented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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To  jind  the  initial  tension  on  a  belt  ivhen  still,  in  order  to 
transmit  or  develop  a  certain  ivork  lohen  runnimj, — It  is  evi- 
dent tliat  tlie  total  pull  tending  to  shorten  the  distance  be- 
tween the  shafts,  or  the  total  stress  along  the  line  of  centres  of 


T.+T,   i 
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Fig.   147. 


shafts,  is  the  same  when  running  as  when  still,  and  the  only 
change  is  in  the  difference  in  tension  between  the  two  sides.  If 
this  be  true,  and  Ji  and  T,  be  the  tensions  at  a  given  speed  to 
develop  a  certain  horse-power,  and  if,  further,  T^  and  T2  be 
the  tensions  when  at  rest,  then  evidently  T^   +  T2  —  Ti  ■{-  Tc^ 
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(Fi^.  147).     Now,  iiof^locting  tli(i  friction  on  the  hearings  in  the 
discussion,  the  tension  on  the  two  sides  of  the  belt  when  still  is 

the   same,   or     7V  =  7V  .-.  2  7V  -  T,   f  T,,  or    T^  =  ^^~^. 

Now,  since  by  previous  formula  1\  —  T-r,^^  by  adding  7!,  to  both 

sides     1\  +  T,=  T.  {e^'  +  1),    and    since    1\  =  ^'     T,  +  T,  = 
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T, 


-^  {(f-^  +  1)  J  again  from  previous  formula,  T^  =  ^-r^e ^~    •'• 


(e'^^  -  1) 


T,+  T,^  T,-  To 


e^^  +  1 


To  use  this  formula,  then, 
T,  -  To/e^'  +  1 


1) ..  r,  = 


T,  ^  Tje^'  +  1 


T,'  = 


.M0 


)■ 


or 


7V        _    (e^'  +  1) 

T,-  T^~  \&-'  ~ ly 


Since  T^  —  T.,  is  the  pull  which  does  work  of  rotation,  then  the 
initial  tension  is  given  in  terms  of  the  pull  necessary  for  the 
work,  and  the  coefficient  of  friction  and  arc  of  contact.  When 
the  arc  of  contact  is  greater  than  tt  on  one  wheel,  it  is  neces>=arily 
less  on  the  other,  for  straight  belts. 

Grrfphiral  Illustration  of  the  U''<e  of  this  Fornnila. — If   we  now 
substitute  in  the  above  various  values  for   //  and  0  in  n  measure, 


we  obtain  various  values  for  the  ratio 


T,  -  t; 


thus 
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Fig.  148.— For  Leather  on  Wood,  Wet.    (For  h  =  .27.) 
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Fig.  148. — For  Leather  on  Wood,  Dry.     (For  /h  =  .38.) 
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Fig.  149. — Leather  on  Iron,  Wet.     (For  m  —  .36.) 
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Fig.  149. — Leather  on  Iron,  Dry.     (F on  jit  =  .56.) 
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To  iiso  tlio  curve  : 

Frohh  ill — Find  tlui  initial  tension  on  ;i  Ixdt  to  transmit  50 
liorse-power  if  tlui  belt  speed  is  4,000  feet  per  minute.     Since 

H.P.  —  ooAA/^'  ^^^^^1  ''^^  —      •).>An/\      J  ^^'"  412. r>  ;  tliat  is,  tlie  force 

performing  the  work  is  F,  and  this  corresponds  to  2\  —  71,,  or 
7\  —  7o  =  412.5  pounds.  Now,  if  from  the  drawing  showing 
distances  between  pulleys  and  sizes  of  pulleys  it  is  found  by  the 
protractor  or  otherwise  that  the  arc  of  contact  is,  say,  155  degrees, 
then  for  leather  on  wood,  using  the  coefficient  of  friction  of  .38, 
we  find  the  ordinate  corresponding  to  the  ])oint  on  the  curve 

having  an  abcissa  of  155  is  1.1,  about;  then  -^i — ^—rp  =  l-l,  and, 

substituting   the   value    of     T^  —  T.,    from    above,    and     T^  — 

(Ti-^'o)  1.1  =  (412.5)  (1.1)  =  453  pounds;    therefore   the  initial 

tension  should  be  453  pounds. 

The  values  of  ja  here  taken  are  the  limiting  values  for  dry  or 

wet  condition,  and  evidently  the  curves  Avitli  values  between  the 

ones  figured  would  be  parallel  to,  or,  in  other  words,  lie  between 

these  drawn,  and  for  values  different  from  those  given  one  may 

T^ 
by  interpolation  select  values  for  „  ^ — ^  to  suit  his  judgment. 

DISCUSSION. 

3fr.  Wilfred  Lewis. — When  the  arc  of  contact,  6,  and  the 
coefficient  of  friction,  yu,  are  given,  it  has  been  shown  by  Ran- 
kine  &  Weisbach,  and  again  in  the  paper  now  under  discussion, 

T 

that  the  ratio  of  the  tensions  ~  =  e^^.     But  the  ratio  of  the  ten- 

sions  as  thus  expressed  is  really  a  limit  not  to  be  exceeded  for  the 

T 

assumed  values  of  6  and  //,  and  as  a  matter  of  fact  ^  may  have 

any  value  less  than  e^^^  for  which  a  new  value  of  yu  might  be  cal- 
culated. It  may,  however,  be  questioned  whether  the  whole  arc 
of  contact,  6^,  is  in  every  case  called  into  action  as  a  driving  sur- 
face. In  some  part  of  the  arc  of  contact  the  Ijelt  tension  neces- 
sarily changes  from  T^  to  T^  or  from  T^  to  To,  and  in  making  this 
change  the  belt  must  lengthen  or  contract,  and  consequently  slip 
upon  the  pulley  surface.  When  the  percentage  of  slip  is  greater 
than  the  percentage  of  elongation  in  the  belt  due  to  the  change 
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of  tension,  tlio  wlioh^  ai'c  of  coniact  is  nocessiirilv  oniraired  in  the 

work   of  driving,  bnt  when   theses  pereentag-es  are  e(]ual,  as  they 

should  be  to  avoid  unnecessary  loss  of  power,  the  arc  of  contact 

may  oi'  may  not  be  wholly  engaged   in  (h'ivi ng,  and  a  value  of  fi 

T 
determined  from  ^,  and  the  ratio  -^^  might  be  misleading. 

The  coeflficient  of  friction,  /^,  is  therefore  a  very  elusive  quantity, 
and  experiments  have  shown,  it  to  depend  more  upon  the  actual 
velocity  of  sliding  than  upon  the  percentage  of  slip,  so  that  a  belt 
may  be  quite  efficient  at  full  speed,  and  yet  utterly  faJl  under  the 
same  load  at  slow  s])eed.  Examples  of  this  are  not  hard  to  find 
ill  practice,  and  I  may  say  this  was  one  of  the  unexplained  facts 
that  led  AYilliam  Sellers  &  Co.  to  make  their  experiments  on  the 
transmission  of  power  by  belting.     The  correctness  of  the  well- 

T 

knowm  formula  rf  =  ^'^^  ii^'^y?   I   believe,   be  questioned    not   so 

much  on  account  of  increasing  and  excessive  amounts  of  slip,  as 
suggested  at  the  previous  meeting  by  Professor  Aldrich,  as  on 
account  of  the  variable  rate  of  sliding  due  to  the  normal  extension 
or  contraction  only  of  the  belt  upon  the  puUe}^  surface  in  trans- 
mitting power.  Excessive  slip  tends  to  make  the  rate  of  slip 
more  nearly  uniform  over  the  whole  arc  of  contact,  and  therefore 
it  would  seem  to  sustain  the  assumption  of  a  uniform  coefficient 
of  friction  at  any  given  instant.  On  the  other  hand,  if  the  belt 
does  not  shp  over  the  Avliole  arc  of  contact,  the  velocity  of  sliding 
must  vary  from  nothing,  at  some  point  in  the  arc,  to  a  maximum 
indicated  by  the  percentage  of  elongation  times  the  belt  speed. 
This  variable  velocity  of  sliding  cannot  fail  to  produce  corre- 
sponding changes  in  the  coefficient  of  friction  which  vitiate  to 
some  extent  the  correctness  of  the  formula  in  question. 

But,  whatever  the  coefficient  of  friction  may  be,  it  has  been 
shown  by  the  Sellers  and  other  experiments  that  under  normal 
working  conditions  the  relation  Ti  =  ?>T^  may  be  safely  realized 
in  practice.  The  belt  is  then  neither  too  tight  to  w^aste  power  in 
excessive  journal  friction,  nor  too  loose  to  drive  properly  without 
danger  of  excessive  slip,  and  a  reasonable  margin  of  safety  is 
assured  for  atmospheric  changes  affecting  the  tensions  and  the 
surface  condition.  For  this  relation  of  the  tensions  we  have 
Ti  +  T^^  —  j^T^  and,  neglecting  the  well-known  increase  in  the 
sum  of  the  tensions  when  driving,  the  initial  tensions  T^  =  T^ 
Avould  appear  to  be  f  7\,   or   in  terms  of  the   working  tension 
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T,—  T,  =  ^T,  Ave  have  T,^  =  1\  -  7^  (1).  This  very  simple  rule, 
to  make  the  initial  tension  e(|ual  to  the  Avorkin^^  load,  may  be 
a})plic(l  to  belts  at  moderate  speeds  Avith  the  comfortable  assur- 
ance that  some  margin  is  provided  for  the  stretching  and  loosen- 
ing that  is  sure  to  follow,  nor  is  it  necessary  to  know  exactly 
the  angle,  6^  if  it  approximates  180  degrees,  as  is  generally  the 
case. 

But  there  is  another  important  consideration  Avhich  applies  par- 
ticularly to  high  speeds,  and  remains  unnoticed  in  the  paper  under 
discussion. 

The  effect  of  centrifugal  force  upon  the  active  tension  of  a  belt 
is  Avell  knoAvn,  and  may  be  expressed  by  the  equation  T  =  .013  F^, 
in  which  1  =  centrifugal  tension  in  pounds  per  square  inch,  and 
V  =  velocity  of  belt  in  feet  per  second,  and  if  Ave  let  Ti^  T^  and 
Ts  also  express  tensions  per  square  inch  of  belt  section  Ave  should, 
to  alloAv  for  centrifugal  force,  make  T/  =  {T^  -  T^)  +  T  (2).  In 
the  example  taken  by  Mr.  Emory  of  a  belt  running  4,000  feet  a 
minute,  Ave  have  T=  57.8  pounds,  and  if  his  belt  section  is  as- 
sumed to  be  2  square  inches,  clearly  115.6  pounds  should  be  added 
to  his  result. 

The  important  influence  of  centrifugal  force  upon  the  poAver 
transmitted  by  a  belt  Avas  elucidated  in  one  of  the  earliest  papers 
read  before  this  Society,^  to  Avhich  reference  has  been  frequently 
made,  but  the  initial  tension  to  Avhich  belts  should  be  laced  in 
practice  has  not,  I  believe,  been  very  clearlj^  formulated. 

It  should  ahvays  be  someAA^hat  more  than  just  enough,  for 
Avhich  equation  (2)  is  a  free  expression  to  avoid  the  necessity  for 
frequent  tightening,  and  for  those  Avho  are  Avilling  to  accept  this 
equation  as  a  satisfactory  approximation  another  relation  may 
vet  be  draAvn. 

In  another  form,  equation  (2)  may  be  Avritten  Ti  =  f  I^  +  ^(3), 
and  in  the  proper  use  of  belting  T^  should  haA^e  a  limiting  A^alue 
as  a  safeguard  against  undue  stretching  and  rapid  deterioration. 
At  the  same  time  the  initial  tension  T^^  should  not  exceed  T^,  and 
consequently  the  centrifugal  tension  5^  should  not  exceed  ^Ti. 

In  this  Avay  the  safe  Avorking  tension  can  be  used  to  limit  the 
speed  beyond  Avhich  a  belt  should  not  be  driven.  For  example, 
if  Ti  =  400  for  cemented  belts  Avithout  lacings,  we  have  V=  about 
100  feet  per  second  or  6,000  feet  per  minute,  a  limit  which  is  also 

*  "Horse-power  of  Leather  Belts,"  by  A.  F.  Nagle. 
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iiulicatcd  for  the  speed  of  iniixinmiii  power.  So  also  Un-  laced 
belts  at  27.")  j)oiinds  per  square  inch,  the  maximum  velocity  is 
found  to  be  about  5,000  feet  per  minute,  the  same  as  indicated 
for  maxinuim  power.  Some  reduction  might  be  made  in  the 
initial  tension,  as  expressed  by  equation  (3),  if  time  were  taken  to 
consider  the  probable  increase  in  the  sum  of  the  tensions  arising 
from  the  length  and  position  of  the  belt,  as  well  as  from  the  pecu- 
liar elastic  property  of  leather,  but  this  reduction  would  a])ply 
chieflv  to  lone:  horizontal  belts  which  may  require  extra  tension 
to  prevent  undue  sag,  and  whicli.  by  reason  of  their  length,  ma}^ 
stretch  without  serious  inconvenience. 

As  a  rule  for  initial  tension,  equation  (3)  appears,  therefore,  to 
be  on  the  safe  side,  and  it  is  here  offered  as  a  practical  solution 
of  a  problem  on  which  much  labor  may  be  spent  to  little  purpose. 
It  provides  simph^  a  moderate  excess  of  initial  tension,  which  for 
obvious  reasons  is  an  absolute  necessity  in  successful  practice. 

J//'.  Ei)wry'^. — I  am  indeed  glad  that  Mr.  Lewis  has  taken 
occasion  to  discuss  the  topic  at  some  length.  It  was  presented 
with  the  hope  of  promoting  discussion  that  might  reveal  a  purely 
theoretical,  analytical  treatment  which  conforms  to  experiment, 
and  which  Avould  have  little  of  the  empirical  about  it. 

As  Mr.  Lewis  says,  "  the  initial  tension  to  which  belts  should 
be  laced  in  practice  has  not,  I  believe,  been  very  clearly  formu- 
lated." It  was  this  same  belief  on  my  part  that  caused  me  in 
part  to  bring  up  the  subject.  The  theory  as  presented  is  not  new, 
althouoh  it  is  oiven  in  the  latest  works  on  theoretical  mechanics. 
It  takes  no  account  of  the  centrifugal  force  due  to  velocity,  neither 
do  any  of  the  analytical  demonstrations  in  our  text  books,  nor 
does  it  take  account  of  the  change  in  /^  due  to  slip  of  stretch. 
These  facts  put  the  teaching  of  theoretical  mechanics  at  times 
into  undesirable  positions,  to  avoid  which  a  direct,  analytical, 
truthful  treatment  consistent  with  experiment  is  necessary — one 
which  a  student  may  readily  see,  and  which  demonstrates  its 
truthfulness  bv  takinti:  into  consideration  all  the  conditions. 

I  do  not  wish  to  be  considered  as  ao-reeino^  with  the  above 
theory  as  a  finished  product.  Any  one  comparing  the  figured 
results  Avith  the  best  practice  can  see  that  either  one  or  the  other 
should  be  revised.  Evidently  the  theory  should  give  way  to  a 
more  complete  one.     In  these  times  a  theory  is  not  complete  unless 

*  Author's  closure,  under  the  Rules. 
31 
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it  contains  all  the  actual  conditions  of  tli(3  practical  case,  and  the 
above  exain})le  ])roves  this  xavy  satisfactorily. 

A  nunilxn'  of  most  exc(3lh;nt  papers  on  the  ])ractical  data  of 
belts,  leading  to  empirical  formuhe,  have  been  presented  to  the 
Society,  but  I  am  not  aware  of  an}^  analytical  demonstration  lead- 
ing to  a  complete  tlieoiy  in  Avhich  all  these  conditions  are  incor- 
porated. Expressions  may  be  derived  including  the  change  in  the 
coefficient  of  friction  of  motion  due  to  stretch,  and  of  the  effect 
of  centrifugal  force,  and  so  on,  but  they  lead  to  differential  equa- 
tions, Avhich  thus  far  I  have  not  been  able  to  inte<j:rate,  owinof  to 
our  ignorance  of  the  manner  of  change  of  //.  It  is  with  the  hope 
of  finding  such  a  solution,  together  with  the  above  mentioned 
reason,  that  this  subject  is  introduced. 
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DCCCIX.* 

THE  ALLEN    VALVE  FOR   LOCOMOTIVES. 

BY   C.  H.  QUEUEAU,  DENVEIl,  COL. 

(Member  of  the  Society.) 

There  are  decided  differences  of  opinion  among  railroad 
mechanical  men  as  to  the  value  of  the  Allen,  or  double-ported, 
valve,  a  diagram  of  which  is  given  in  Fig.  150.  Those  who  favor 
its  use  claim  that  it  secures  a  greater  mean  effective  pressure 
than  the  plain  valve  bj  giving  a  more  prompt  and  full  admission, 
thus  increasing  the  power  of  locomotives  on  which  it  is  used. 


Qi\ereau 


Fig.  150. 


Those  who  oppose  its  use  claim  there  is  no  difiSculty  in  getting 
all  the  steam  into  the  cylinders  that  is  needed  without  the  Allen 
port,  the  main  difficulty  being  to  reduce  back  pressure  and  com- 
pression ;  that  if  the  Allen  valve  gives  a  freer  admission,  its  use 
necessarily  increases  the  difficulty  of  getting  the  steam  out  of  the 
cylinders,  increasing  back  pressure  and  compression  and  causing 
the  engines  to  pound  badly. 

Ohjections. 

Strictly  speaking,  compression  is  the  period  of  the  stroke  from 
exhaust  closure  to  lead  opening.  The  term  "  excessive  compres- 
sion "  is  commonly  used  to  denote  a  suddenly  rising  pressure  at 
the  end  of  the  return  stroke  which  takes  the  form  of  a  loop  on 

*  Presented  at  the  Washinofton  meeting  (May,  1899)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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the  indicator  card,  and  is  nsually  vvronj^lj  assumed  to  bo  caused 
by  the  comj)rcssion  of  steam  reniainin<^  in  the  cylinder  at  the 
time  of  exhaust  ch)sure.  If  oxnaust  closure  takes  place  at  half 
stroke  with  3  pounds  back  ])ressure  and  8  per  cent,  cylinder 
clearance,  the  pressure  in  the  cylinder  at  the  end  of  the  stroke 
will  reach  only  113  pounds.  If  the  back  pressure  is  12  pounds 
and  compression  begins  at  15  inches,  the  full  stroke  being  24 
inches,  the  highest  pressure  attained  at  the  end  of  the  stroke  will 
be  but  137  pounds.  With  the  usual  locomotive  valve  gear  and 
the  valve  line  and  line  inside,  compression  begins  at  about  15 
inches  of  the  return  stroke.  These  facts  remain  true  whether 
the  valve  is  of  the  common  type  or  an  Allen  valve.  From  the 
foregoing  it  is  quite  evident  that  the  Allen  valve  cannot  produce 
a  compression  equal  to  the  boiler  pressures  commonly  used, 
and  we  mast  look  elsewhere  for  the  cause  of  the  so-called 
excessive  compression  complained  of.  That  this  cause  is  ex- 
cessive lead  I  believe  will  be  clearly  shown  by  the  cards  in 
Fig,  151,  which  were  all  taken  from  the  same  engine,  having 
Allen  valves,  under  practically  the  same  conditions  except  a 
difference  in  lead,  and  which  clearly  prove  that  the  Allen  valve 
can  be  so  set  as  not  to  produce  excessive  compression.  (The 
engine  from  which  these  cards  were  taken  had  drivers  68  inches 
in  diameter,  valves  with  5 -inch  travel  in  full  gear,  |^-inch  outside 
lap,  and  Allen  ports  |-  by  17^  inches,  inside  clearance  j^  inch 
on  each  end,  cylinders  19  by  24  inches,  and  steam  pressure 
165  pounds.) 

In  view  of  the  preceding,  it  seems  to  me  clear  that  those  who 
criticise  the  Allen  valve  have  made  the  mistake  of  assuming  that 
the  excessive  compression  frequently  found  to  accompany  its  use 
is  due  to  so  free  an  admission  of  steam  from  the  beginning  of  the 
stroke  up  to  the  cut-off  as  to  produce  abnormal  back  pressure  and 
compression,  while  the  facts  in  the  case  are  that  the  objectionable 
results  are  caused  by  too  much  lead,  which  can  be  easily  reme- 
died, without  losing  the  advantage  claimed  for  this  valve.  That 
the  objectionable  feature  of  undue  compression  can  be  obviated 
seems  evident  from  card  9  of  Fig.  151. 

On  card  9,  Fig.  151,  the  average  back  pressure  from  the  begin- 
ning of  the  return  stroke  up  to  the  point  of  exhaust  closure  is  7 
pounds.  Taking  into  consideration  the  fact  that  the  drivers  were 
making  267.6  revolutions  per  minute  when  the  card  was  taken, 
and  that  these  are  representative  cards  among  hundreds  taken 
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under  similar  conditions,  it  seems  evident  that  the  Allen  valve 
cannot  justly  be  considered  as  producing  more  back  pressure  than 
the  plain  valve. 

From  the  foregoing  T  feel  warranted  in  drawing  the  conclusion 
that  the  Allen  valve,  when  properly  set,  does  not  produce  more 
back  pressure  or  compression  than  a  ])lain  valve  under  similar 
conditions. 

It  is  sometimes  objected  that  the  Allen  port  necessitates  a 
weak  design,  or  the  valves  must  be  made  very  heavy.  For  about 
ten  years  the  Chicago,  Burlington  &  Quincy  Railroad  has  been 
using,  very  successfully,  on  19  by  24-incli  engines,  having  steam 
ports  H  l^y  ^^i  inches,  Allen  valves  weighing  only  112  pounds 
without  packing  strips. 

Advantages. 

It  is  evident  that  the  Allen  valve  doubles  the  speed  of  the 
steam  port  in  opening  and  closing  for  all  cut-offs,  and  in  this 
respect  more  nearly  approaches  the  advantages  of  the  Corliss 
valve  gear  than  does  the  ordinary  valve.  That  this  is  a  decided 
advantage  can  hardly  be  successfully  disputed.  Ifc  is  equally 
evident  that  for  all  cut-offs,  where  the  maximum  port  opening 
does  not  exceed  the  width  of  the  supplementary  port,  the  Allen 
valve  doubles  the  port  opening.  As  the  width  of  the  Allen  port 
is  quite  commonly  half  an  inch,  and  a  maximum  port  opening  of 
this  amount  corresponds  to  a  cut-off  of  9  inches  with  the  usual 
locomotive  gear,  it  follows  that  the  Allen  port  doubles  the  steam 
opening  for  this  and  all  shorter  cut-offs,  or  for  all  those  commonly 
used  for  speeds  higher  than  ten  or  fifteen  miles  an  hour.  It 
therefore  appears  evident,  on  theoretical  grounds,  that  the  Allen 
valve  increases  the  power  of  a  locomotive  for  all  speeds  above 
very  moderate  ones,  and  that  this  advantage  will  be  marked  for 
high  speeds. 

That  these  theoretical  advantages  are  borne  out  by  practical 
results  is  shown  by  the  following  quotations  from  the  Proceedings 
of  the  Western  Railway  Club  for  March,  1897 :  Mr.  E.  M.  Herr, 
then  Superintendent  of  Motive  Power  of  the  Northern  Pacific 
Railway,  spoke  as  follows  :  "  The  Allen  valve,  in  my  opinion,  is  a 
very  valuable  device  if  rightly  used,  and  I  believe  that  many  rail- 
road men  condemn  it  because  they  have  not  used  it  in  the  right 
manner.  In  making  some  tests  on  the  Northwestern  testing 
plant,  not  very  long  ago,  we  showed  conclusively  that  at  high 
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speeds  a  16  by  24-incli  engiue  woukl  develop  more  power  with  an 
Allen  valve  than  a  17  by  24-inch  engine,  with  practically  the  same 
size  drivers,  would  develop  with  a  plain  valve.  In  fact,  a  10  by 
24-inch  engine,  on  a  certain  division  where  the  ruling  grade  could 
be  approached  on  a  good  run,  was  put  in  freight  service  with  17- 
inch  engines,  and  did  satisfactory  work  with  the  17-inch  engines, 
pulling  over  rugged  parts  of  the  division,  untH  one  day  the  train 
happened  to  stop  at  the  foot  of  this  ruling  grade.  That  day  the 
engine  stalled,  and  it  stalled  simph^  because  it  was  not  as  strong 
as  a  17  by  24-inch  engine  when  pulling  at  slow  speeds.  At  very 
high  speeds  it  was  stronger." 

The  following  is  quoted  from  the  remarks  of  Mr.  Jos.  Cockfield^ 
Master  Mechanic  of  the  Chicago  &  Northwestern  Railway  :  '*  I 
wish  to  mention,  however,  that  the  18-inch  engine  had  Allen- 
Richardson  valves,  while  the  19  by  24-inch  engine  had  plain 
valves,  which,  in  a  measure,  accounted  for  the  better  performance 
of  the  18  by  24-inch  engine.'' 

Writing  in  1S93,  Herr  Yon  Borries,  Superintendent  of  Motive 
Power  of  the  Hanover  State  Railways  of  Germany,  said :  "  The 
latter  (viz.,  Allen  valves)  are  most  useful  for  all  fast-running 
engines.     Our  people  could  not  do  without  them." 

In  the  Proceedings  of  the  American  Railway  Master  Mechanics' 
Association  for  1896  will  be  found  the  report  of  their  Committee 
on  Slide  Yalves,  from  which  I  quote.  ''  From  this  [table]  it  will 
be  seen,  as  might  have  been  expected,  that  the  mean  effective 
pressure  with  the  Allen  port  is  greater  than  without  it  at  the 
ordinary  running  positions.  The  average  value  of  all  the  figures 
shows  20  per  cent,  greater  mean  effective  pressure  in  favor  of 
this  valve.  It  can  be  considered  that  the  Allen  port  has  enabled 
the  piston  to  exert  20  per  cent,  more  useful  pressure  on  the 
crosshead  at  each  stroke.  It  is  also  readily  apparent  that  the 
earlier  the  cut-off  the  more  is  gained  by  the  Allen  valves.  This  i-s 
also  true  in  a  measure  of  the  increase  in  speed.  It  is  also  clearly 
demonstrated  that  a  better  steam  Hue  is  obtained."  The  indicator 
cards  on  which  these  conclusions  of  the  committee  were  based 
were  made  on  the  Purdue  University  mounted  locomotive,  at  six 
different  cut-offs,  varying  from  full  gear  to  one-sixth  stroke,  and 
at  speeds  of  10,  20,  30,  40,  50,  and  60  miles  an  hour,  with  the  same 
valve  gear  and  setting  for  both  the  plain  and  Allen  valves. 

For  engines  which  are  already  built  it  seems  plain  that  the 
Allen  valve  furnishes  a  simple  method  of  increasing  their  power, 
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aiul  ill  (lesignin<^  new  engines  will  produce  ii  given  power  with 
smaller  and  lighter  valves,  because  of  the  shorter  ports  in  the 
valve  seat  necessary  with  this  valve,  resulting  in  less  strain  and 
wear  on  the  valve  gear  and  seats.  It  may  be  urged  that  a  plain 
valve  with  longer  travel  will  give  as  great  a  mean  effective  pressure 
as  the  Allen  valve,  but  this  necessitates  a  heavier  valve  and  con- 
sequent wear  to  the  valve  gear,  and  more  power  wasted.  In  this 
connection  it  should  not  be  forgotten  that  the  Allen  valve  enlarges 
the  port  opening  by  a  given  number  of  square  inches  for  all  cut- 
offs, while  a  longer  valve  travel  enlarges  it  a  certain  per  cent.,  the 
number  of  inches  decreasing  as  the  cut-off  becomes  shorter. 

Economy. 

Assuming  it  to  be  proved  that  the  Allen  valve  will  give  greater 
power  than  a  plain  valve,  it  does  not  necessarily  follow  that  the 
economy  of  the  engine  will  show  a  corresponding  improvement. 
This  will  depend  on  the  conditions  under  which  the  engine  is 
working.  If  with  the  plain  valve  the  conditions  are  such  that  the 
work  is  done  at  the  most  economical  point  of  cut-off,  we  would 
not  expect  any  saving  in  coal  by  increasing  the  power;  possibly 
the  reverse  if  the  basis  of  comparison  is  the  pounds  of  water  per 
indicated  horse-power-hour.  But  if  the  basis  is  the  cost  per  ton- 
mile  there  can  be  little  doubt  that  the  greater  power  will  secure  a 
saving.  That  a  fuel  economy  may  be  the  result  is  shown  by  Mr. 
Herr's  remarks  before  the  Western  Railway  Club  :  "  I  have  en- 
dorsed the  Allen  valve  pretty  strongly,  and  I  want  to  say  that  my 
experience  is  just  the  reverse  of  Mr.  Barr's.  The  engines  in 
which  we  put  the  Allen  valve  showed  quite  an  apparent  fuel 
economy.'' 

Lead. 

Inasmuch  as  the  Allen  valve  gives  a  quicker  and  larger  steam 
admission  than  the  plain  valve,  it  follows  that  the  lead  for  the 
former  should  be  less  than  for  the  latter.  In  my  opinion  it  has 
been  the  failure  to  appreciate  this  fact  which  has  caused  many  to 
conclude  that  the  Allen  valve  has  no  advantages,  but  rather  the 
contrary.  Not  only  should  the  lead  for  the  Allen  valve  be  less 
than  for  the  plain  valve,  but  it  must  be  if  the  best  results  are  to  be 
obtained.  The  smaller  lead  which  the  Allen  valve  requires  is  a 
decided  advantage  in  several  directions,  as  will  be  seen  by  a  study 
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ol"  the  following  table,  taken  from  Zeuner  valve  diagrams  of  a  gear 
having  ^  inch  outside  lap,  J  incli  inside  clearance,  48f  inches  link 
radius,  5  inches  travel  in  full  gear,  and  is  for  6inch  cut-off: 

Plain  Valve.  Allen  Valve. 

Lead \  inch  3^;^  inch 

Lead  opens  at  22|  inches  23:i  inclies 

Maximum  port  opening. .  .  {-{l^,,  inch  ^„-\j  +  i'u^o  =  i^,H)  inch 

Kelease  begins  at 13^  inches  13J  inches 

Compressi  n  begins  at.  .  .  .         18        "  18|      " 

If  we  assume  that  the  Allen  port  is  half  as  efficient  as  the  port 
opening  at  the  end  of  the  valve,  the  Allen  valve  has  increased  the 
steam  port  opening  20  per  cent,  even  after  the  lead  has  been 
reduced  nearly  38  per  cent.  The  reduction  in  lead  made  possible 
by  the  use  of  the  Allen  valve  has  delayed  exhaust  opening ;  thus, 
increasing  the  period  of  expansion  f  inch,  or  3  per  cent.,  has 
also  delayed  exhaust  closure  f  inch,  or  3  per  cent.  These  results 
due  to  the  reduction  in  lead  are  equivalent  to  reducing  the  inside 
clearance  from  ^  inch  to  3%  inch  so  far  as  expansion  is  concerned, 
and  increasing  the  inside  clearance  from  J  inch  to  j\  inch  so  far 
as  the  effect  on  compression  is  concerned.  There  can  be  no 
reasonable  doubt  that  these  changes  introduced  by  the  Allen 
valve  will  increase  the  power  of  an  engine  except  at  very  slow 
speeds,  and  will  favorably  affect  its  economy  except  when  the 
engine  with  plain  valves  is  Avorking  under  the  most  favorable  con- 
ditions, which  are  rare  in  railroad  service. 

Indicato7'  Cards. 

It  may  be  of  interest  to  some  to  know  that  cards  taken  from 
Allen  valves  on  single-expansion  engines  can  be  distinguished 
from  those  taken  when  plain  valves  are  used.  Those  from  Allen 
valves  have  a  wavy  compression  line,  such  as  may  be  seen  on  the 
cards  in  Fig.  151,  while  on  those  taken  from  plain  valves  the  com- 
jn'ession  line  is  a  simple  curve.  The  cause  for  the  compound 
curves  on  the  Allen  valve  cards  I  believe  to  be  explained  as 
follows  :  Fig.  152  shows  an  Allen  valve  and  seat.  Cut-off  has  just 
taken  place  at  steam  port  B,  and  the  supplementary  port  is  filled 
with  steam  at  nearly  boiler  pressure,  perhaps  170  pounds.  At  A 
exhaust  closure  is  about  to  take  place,  when  the  port  and  that  end 
of  the  cylinder  will  be  filled  with  steam  at  exhaust  pressure,  say 
10  pounds.     As  soon  as  the  valve  has  moved  a  little  farther  to  the 
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riglit  tho  supploracntary  port  will  bo  brought  iuto  communication 
with  port  A,  wlicu  tlio  higli-pressuro  stoam  in  tlio  supplementary 
port  will  expand  through  A,  increasing  the  ])ressure  there  and 
giving  the  indicator  piston  a  sudden   impulse  which  will  cause  it 


Quereau 


Fig.  152. 


to  vibrate  till  lead  opens.  This  explanation  is  substantiated  by 
the  fact  that  the  greater  the  cubical  contents  of  the  Allen  port, 
the  more  pronounced  are  the  reverse  curves. 

DISCUSSION. 

3Ir.  Charles  T.  Porter. — The  admirable  paper  of  Mr.  Quereau 
on  the  Allen  valve  well  illustrates  the  value  of  the  indicator 
when  used  as  a  means  of  investigation. 

I  wish  we  could  have  had  also,  for  comparison,  diagrams  from 
cylinders  with  single  opening  valves,  taken  under  the  same  condi- 
tions. But  there's  the  rub.  Xo  one  except  the  operator,  and  he 
not  always,  can  know  that  all  the  conditions — of  steam  pressure, 
train  resistance,  speed,  gradient,  and  uniform  motion — ii^ere  the 
same. 

However,  the  advantage,  w^hen  cutting  off  early  at  high  speed, 
of  practically  doubling  the  length  of  the  port  for  admission  is 
sufficiently  obvious,  while  no  one  can  compare  the  valve  motions 
given  by  the  eccentric  for  admission  and  for  release  w^ithout  see- 
ing that  it  is  the  former,  and  not  the  latter,  which  become  con- 
tracted  when  cutting  off  early,  and  so  require  the  double  opening. 

Perhaps  some  interest  may  attach  to  the  earh^  history  of  Mr. 
Allen's  invention.  At  the  London  Exhibition  of  1862  I  showed, 
among  other  things,  a  sectional  model  of  this  valve,  working  on 
its  seat,  beautifully  made  in  mahogany,  and  nobody  paid  the 
least  attention  to  it.     During  a  six  years'  subsequent  residence  in 


THE  ALLEN  VALVE  FOR  LOCOMOTIVES.  483 

England  T  tritnl  in  vain  to  get  locomotive  designers  to  consider 
it.  Finally,  JMr.  Aveling  was  induced  to  ])ut  the  valve  on  one  of 
liis  road-traction  engines.  Its  operation  was  entirely  successful, 
and  the  power  of  the  machine  was  considerably  increased,  so  that  I 
confidently  looked  for  its  adoption  by  him.  After  a  while  I  visited 
liis  shop  in  Hochester,  to  see  how  it  was  getting  on.  I  found  the 
valv^  which  had  been  tried  in  the  store-room,  and  the  project  of 
usino-  it  abandoned.  Mr.  Avelino:  told  me  that  some  of  the  most 
eminent  engineers  in  England,  who  had  been  consulted  in  the 
matter,  were  agreed  that  the  valve-face  would  wear'  unequall}^ 
the  narrow  portions  wearing  faster  than  the  broad  portions,  so. 
that  it  would  soon  come  to  leak,  and  its  adoption  would  ruin  his 
business.  He  added  that  he  did  not  believe  it,  but  he  was  in  a 
position  where  he  could  not  act  contrary  to  this  advice. 

After  this  success  in  England,  I  tried  what  would  be  done  with 
the  valve  at  home.  Through  the  interest  of  Mr.  Forney,  Mr. 
Buchanan  concluded  to  try  it  on  an  express  locomotive  on  the 
Hudson  Kiver  Road.  He  told  me  that  he  was  just  fitting  a  loco- 
motive with  new  cylinders,  that  it  would  be  ready  in  about  a 
fortnight,  that  he  would  like  to  have  me  go  up  with  them  on  it 
and  indicate  the  cylinders,  and  would  send  me  word  when  it  was 
ready.  I  am  waiting  for  that  "  word "  yet.  This  was  in  the 
reiofn  of  the  old  Commodore,  and  I  concluded  that  he  had  for- 
bidden  it ;  he  sometimes  did  such  things.  A  correspondence  with 
the  Pennsylvania  Railroad  Company  led  to  no  result.  That  is  all 
that  was  ever  realized  out  of  the  patents,  American  and  English, 
on  this  valve,  which  is  now  in  common  use  the  world  over. 

It  would  not,  however,  have  come  into  general  use  but  for 
Mr.  Forney.  He  described  and  illustrated  it  in  his  Catechisin  of 
the  Locomotive,  and  told  me  that  it  was  the  only  patented  feature 
that  was  admitted  into  that  book.  This  publication  brought  it 
favorably  to  the  notice  of  locomotive  designers  ever^^  where. 

I  cannot  refrain  from  savino-  in  conclusion,  that  the  conscious 
ness  of  having  been  primarily  instrumental  in  giving  to  the  world 
this  useful  invention  affords  me  higher  satisfaction  than  I  could 
have  derived  from  anv  merelv  pecuniarv  recompense. 

M7\  W.  S,  Rogers. — In  addition  to  what  Mr.  Quereau  has  said  in 
his  excellent  paper  on  the  Allen  valve,  I  wish  to  sa}^  that  locomo- 
tives equipped  with  Allen  valves,  and  running  on  accommodation 
train  service,  making  man}^  stops,  can  pick  up  their  trains  much 
quicker  than  when  using  plain  valves.     The}^  are  also  quicker  in 
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action,  and  tlio  coal  g"ate  remains  in  ils  places  in  lli(3  tank  many 
miles  fni'tlicr  than  is  the  case  with  the  plain  valves. 

Practical  I'aihvay  mast(M'  mechanics  wrA'o  (jnick  to  s(;e  the  value 
and  importance  of  the  Allen  valve,  bnt  owin<^  to  the  excessive 
wear  on  both  valve  and  valv(i  seat,  causing  (mormons  maintenance 
and  expense,  although  they  were  made  of  solid  bronze  and  other 
composition  mentals,  it  was  practically  abandoned  until  the  late 
F.  AV.  liichardson  applied  the  Kichardson  balance,  eliminating 
the  excessive  frictional  load,  and  gave  us  the  ideal  valve  action. 

I  know  of  wood-burning  engines  running  four  years  equipped 
Avith  Allen  valves  with  the  Ilichardson  balance,  and  coal -burn  in  2: 
engines  running  two  years  without  having  their  valves  and  seats 
faced,  without  which  device  they  could  not  last  thirty  days. 
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DCCCX.* 
TEST  OF  A    STEAM   SEPARATOR. 

BY    F.    L.    EMOnY.    M<)R(; ANTOWX.    AV.    VA. 

(Member  of  the  Socict}'.) 

The  test  recorded  below  is  that  of  a  baffle-plate  pattern  sepa- 
rator designed  to  serve  as  a  live-steam  separator,  as  an  exhaust- 
steam  separator  or  trap,  and  as  an  oil  extractor. 

The  method  of  testing  the  separator  consisted,  in  brief,  of  a 
determination  of  the  character  or  quality  of  the  steam  before 
entering  the  separator  and  also  its  quality  after  leaving  it.  Vari- 
ous pressures  of  steam  and  different  velocities  and  amounts  of 
steam  running  through  the  separator  were  noted,  as  also  the 
quality  of  the  entering  steam  was  changed  for  various  runs,  as 
will  appear  from  the  readings  and  quality  results  of  the  wet-steam 
calorimeter. 

Apparatus  used : 

In  the  first  eleven  runs  noted  in  the  tabulation  the  following 
method  was  pursued :  Steam  coming  from  the  boiler  through  a 
valve  A^  Fig.  153,  passed  downward  through  piping  B,  which  was 
surrounded  by  a  water  jacket,  then  after  two  short  right  bends 
travelled  vertically,  giving  up,  in  its  vertical  portion,  a  sample  to 
a  separating  calorimeter  CD;  with  one  right  bend  again,  steam 
after  a  short  connection  entered  the  horizontal  separator  G. 
Passing  out  of  the  separator  the  discharged  steam  gave  up  a 
sample  to  another  separating  calorimeter  Af  on  its  way  to  the 
condenser,  a  surface  condenser  through  which  the  steam  passed, 
as  water  into  a  barrel  to  be  weighed.  In  the  last  five  runs,  Nos. 
14  to  18,  the  condenser  was  not  used,  but  the  flow  of  steam  was 
measured  by  Napier's  law" ;'  the  steam  flowing  at  higher  pressures 
than  before  and  at  higher  velocities  through  a  measured  nozzle. 

In  the  runs  after  No.  11  the  throttling  calorimeter  was  used  in 
addition,  but  did  not  prove  satisfactory,  the  steam  being  quite  too 
wet  for  accurate  determination. 

*  Presented  at  the  "Washington  meeting  (May,  1899)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 


480 


TEST    OF    A    S'I'EAM    SRPAHATOR. 


J }vs<'rii>h(ni  of  A pjnirdtii.s. 

A  is  llu^  valvo  coiinectiiig  steam  main  witli  boilor,  through 
Avliich  steam  passes  ah)ng  tlie  ])ipe  and  thus  upwards.  At  B  is  a 
cold-water  jacket  by  means  of  which  the  steam  to  be  used  in  the 
se])arator  test  was  changed  in  (piahty.  At  C  a  steam  nozzle 
took  steam  sample  from  the  vertical  i)ipe  to  a  separatiMg  calorim- 
eter D,  and  the  steam's  quality  was  thus  known  before  passing 
into  the  separator.     The  steam  gauge  and  throttling  calorimeter 


Emory 


Fig.  153. 


F  also  checked  this  determination.  The  steam  then  passed 
through  the  separator  G^  and  the  drips  were  collected  at  Z,  the 
water  level  in  the  separator  being  kept  constant.  After  passing 
the  separator  the  steam  was  again  sampled  by  the  throttling  calo- 
rimeter 31  and  the  separating  calorimeter  «/,  and  passed  through 
the  valve  H,  by  means  of  which  the  velocity  was  controlled  and 
changed  on  different  runs.  The  steam  condensed  by  the  surface 
condenser  was  pumped  to  the  barrel  on  the  platform  scales  and 
weighed.  The  throttling  calorimeter  on  the  right  was  not  used 
with  the  very  wet  steam.  By  using  the  valves  of  the  drips  L  and 
K^  and  also  the  steam  used  by  the  calorimeter  J,  the  separator 
itself  was  used  as  a  check  calorimeter.  All  apparatus  was  care- 
fully calibrated  before  the. runs. 
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Log  of  Test. 


Time, 
Minutes. 

Pressure 
in  Dry- 
steanx 
Gauge 
above 
Atmo- 
sphere. 

Pressure 
in  Wet- 
steam 
Gauge 
above 
Atmo- 
sphere. 

19.4 

Water 

from 

Separator, 

Lbs. 

Condenser 
Steam,  Lbs. 

Net. 

Wet-steam 
Calokimeter. 

Dky-steam 
Calokimeter. 

l?un. 

Water   in 

Scale, 

Lbs. 

Water  in 
Can, 
Lbs. 

Water  in 

Scale, 

Lbs. 

Water  in 
Can, 
Lbs. 

1 

12i 

20^ 

22.8 

302.95 

.023 

2.5 

Not 

taken 

2 

Not  tak'n 

84.8 

34.3 

37.75 

307.5 

.023 

1.9 

.045 

1.51 

3 

lU 

21.2 

20 

25 

231.87 

.16 

2.05 

.075 

1.8 

4 

7 

29.5 

27.5 

9 

335.5 

.07 

1.4 

.058 

1.6 

5 

8 

35.5 

34 

15.5 

317.25 

.1 

1.6 

.115 

2.15 

6 

7 

11.4 

10.6 

10 

319.5 

.08 

1.15 

.11 

1.1 

7 

8i 

16.5 

15.8 

12 

367.25 

.08 

1.75 

.06 

1.45 

8 

6 

29.8 

29 

10 

343 

.14 

1.7 

.115 

1.65 

9 

8 

86.1 

86.6 

26 

322.75 

.215 

1.3 

.059 

1.7 

10 

9 

83.1 

83.6 

33 

365.5 

.21 

1.15 

.09 

2.45 

11 

12 

1.3 

1 

12 

355 

.04 

1.05 

.057 

.30 

Fig.  154. 


Log  of  Test  {Continued). 


Time, 

Mius. 

Pressure  in 
Separator  in 
Lbs.  Gauge. 

Separating  Calorimeter. 

Throttling 

Calorimeter 

Temp. 

Water 
from 
Sepa- 
rator, 
Lbs. 

Con- 
densed 

Run. 

Water  in 
Can,  Lb. 

Water  in 
Scale,  Lb. 

Steam 
Used, 
Lbs. 

12 
13 

19 
9 

3 
3.25 

.8 
.35 

.02 

.01 

212° 
216° 

9 
16 

300 
154 

Radiation  at  3  pounds  =  2.2  pounds  for  8  minutes,  =  .27  pound  per  minute. 

Oil  separation  :  Oil  put  in  1.43  pounds,  taken  out  .48  pound,  per  cent,  regained  =  32  per  cent. 
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Sepakatino  Calorimeter. 

Time, 
Mills. 

Prossiin*,  IJ)s. 

Water  from 

Klin. 

Separator. 

Wjitcr  ill 
Can,  Lb.s. 

Water  in 
S^cule,  Lbs. 

Ll)8. 

14 

n 

no 

Not  tak(!n 

3.25 

15 

n 

47.5 

.(55 

.01 

4  9 

16 

9i 

52 

.65 

.055 

4.72 

17 

9 

52.3 

— 

— 

4.65 

18 

9i 

70.2 

.9 

.035 

4.95 

Radiation  =  1.07  pounds  in  10  minutes,  =  .107  poniid  per  minute. 
Pressure  after  leaving  or  at  nozzle  averages  1.5  pounds  gauge. 


Qu 

\LITY    OF 

S'l'EAM. 

lUn,  No. 

Before  Entering  Separator. 

After  Passing  Se 

1 

2 

89.2  per  cent. 

97.1 

3 

93.2 

96.1 

4 

95.2 

96.5 

5 

94.1 

96 

6 

93.5 

91 

7 

95.7 

96 

8 

92.4 

93.2 

9 

85.4 

96.6 

10 

85 

96.4 

11 

96  3 

97 

li 

97.5 

99.7 

13 

95 

14 

15 

94.2 

95.3 

16 

92.2 

93.3 

17 

96.2 

97.3 

18 

By  using  the  separator  itself  as  a  calorimeter  we  may  find  the  per 
cent,  of  moisture  removed  by  separator.  We  have  by  the  wet- 
steam  calorimeter  the  quality  of  the  steam  at  entering,  which, 
added  to  the  moisture  removed  by  separator,  will  be  the  quality 
after  passing  the  latter.  For  this  experiment,  as  stated,  the  nozzle 
was  used,  and,  if  W  =  the  amount  in  pounds  per  second  flow,  F= 
the  area  orifice  in  square  inches,  and  jh  —  the  initial  pressure 
absolute,  then  where  ^i>  |  atmosphere,  or  ^2, 

W  -  ^' 

~  70 


Herein  ==.7854. 
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Computing  the  same  for  various  pressures  and  runs  we  have : 


Run,  No. 

Value  of  W  in  Pouixda  Total. 

Per  Cent.  Kemoved 

14 

528 

.6 

15 

408 

1.1 

16 

416 

1.1 

17 

406 

1.1 

18 

530 

.9 

These  per  centsx  added  to  the  quality  before  entering  give  the 
values  shown  for  runs  14  to  18. 

From  the  general  run  of  the  results  as  shown  on  the  table  of 
qualities  it  would  seem  that  runs  fi  and  12  should  be  thrown  out  as 
being  in  all  probability  associated  with  some  error  of  conditions 
or  observations.  If  we  do  so  we  would  conclude  that  this  separa- 
tor in  good  condition  and  for  the  higher  velocities  of  steam  flow  will 
deliver  steam  of,  say,  97  per  cent,  dryness,  and  has  little  separating 
qualities  in  steam  of  dryer  quality.  And  we  are  quite  safe  in 
concluding  that  it  will,  if  kept  well  drained,  deliver  a  steam  dry 
within  3  per  cent.  There  seems  to  be  little  difference  in  its 
action  for  live  steam  from  boiler  and  the  exhaust  steam  or  steam 
of  low  pressure  of  considerable  wetness.  The  steam  of  3  pounds 
above  atmosphere,  corresponding  to  ordinary  engine  exhaust,  was, 
as  will  be  seen  from  its  quality  in  the  table,  made  to  contain  by 
means  of  the  jacket  considerable  moisture,  and  again  made  quite 
dry.  The  action,  however,  was  similar  to  that  for  steam  of  higher 
pressure  and  similar  wetness,  namely,  to  deliver  steam  of,  say,  97 
per  cent.,  irrespective  of  original  quality. 

Test  of  a  Baffle-plate  Steam  Separator'  as  an  Oil  Separator. 

Test  of  the  above  separator  as  an  exhaust-steam  separator  and 
oil  separator. 

The  apparatus  before  mentioned  was  used  in  the  test  as  an  oil 
separator ;  the  calorimeters  and  their  leading  pipes  and  all  unnec- 
essary attachments  were  removed,  and  a  force  pump,  small  pump 
oiler,  was  attached  at  the  bottom  of  the  first  vertical  pipe  leading 
to  the  separator  as  described  before.  A  steam  gauge  was  attached 
at  a  point  beyond  the  separator,  which  recorded  the  pressure  in 
the  separator,  and  the  steam  was  allowed  to  flow  through  and  into 
the  air,  discharging  as  iu  ordinary  practice  in  a  non-condensing 
engine. 

Tlie  method  pursued  was,  in  brief,  to  pump  a  known  amount  of 
32 
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cylinder  oil  into  the  pipe  leading  to  the  separator,  and  to  draw 
away  from  the  separator  through  the  drip  at  the  bottom  the  oil 
and  water  separated  from  the  steam  on  its  passage.  The  per 
cent,  of  efficiency  would  evidently  be  the  ratio  of  the  amount  taken 
out  to  the  amount  put  in,  multiplied  by  100. 

This  was  done :  a  goodly  supply  of  "  vacuum  "  cylinder  oil  was 
pumped  into  the  pipe  slowly  as  it  would  be  in  working  conditions 
in  the  engine  manipulations,  and  the  oil  coming  away  with  the 
water  was  carefully  skimmed  off  and  weighed.  Much  care  was 
exercised  in  the  beginning  to  see  that  a  quantity  of  oil  sufficient 
to  oil  all  the  parts  between  the  pump  and  separator  was  put  in  so 
that  all  interstices  and  joints  might  absorb  or  take  up  all  that  they 
might  hold  and  so  to  insure  that  no  oil  would  be  caught  and  held 
before  entering  the  separator  and  after  leaving  the  pump.  In  fact 
a  run  was  made  at  first,  which  is  not  here  recorded,  which  served 
as  a  zero  point  to  begin  observations. 

It  was  found  that  it  was  impossible  to  skim  the  mixture  of  oil 
and  water  so  carefully  as  to  warrant  saying  that  the  skim  was  only 
oil,  although  to  the  eye  there  were  no  water  globules  present,  but 
the  specific  gravity  of  the  oil  regained  was  much  heavier  than 
that  put  in,  and  the  weight  of  mixture  taken  out  was  much 
greater  than  that  of  oil  put  in.  The  mixture  was  cooled  to  60 
degrees  Fahr.,  and  from  its  weight  and  specific  gravity  was 
figured  the  probable  weight  of  oil  in  the  mixture.  The  water 
which  existed  in  the  oil  or  mixture  is  held  in  very  small  globules 
between  the  parts  of  the  heavier  oil,  and  therefore  affects  the 
specific  gravity  and  weight  directly  in  the  proportion  of  its  exist- 
ence. This  mixture  being  homogeneous,  we  have  the  following 
method  of  calculating  the  oil  present : 

Let    X  —  weight  water  in  mixture. 

Let     y  —  w^eight  oil  in  mixture. 

Let  Fi  —  volume  water  in  mixture. 

Let  T^2  =  volume  oil  in  mixture. 

Let  1^1  +  1^2  =  volume  oil  and  water  in  mixture  =  T^. 

Then  the  relative  volumes  equal  the  weight  divided  by  the 
specific  gravity,  or 

^'"r  ^^"=:893'   ^'  =  .912' 
then 
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^  +  .893  =  I42  '  ^^*'  ^S^^^' 


X  -h  y  =  5.1,  x  =  5,1  —  y. 


p.  -  ?/     __  5.1 

^•^-y^  M  -  .942' 

^(:i-0  =  (.942-^-^)^ 


5.1 


-5.1 


.942        •  .314        .  „^_  _ 

y  =  ^ -^  ^  j^^^  =  1.61/6  pounds. 

\.89i~ 

But  amount  put  in  =  3.05,  and  since  amount  taken  out  is  1.6176 

^  .  Oil  taken  out      1.6176      ^^ 

then  emciency  =  — ^rr^ --. — -  =    ^  ^^    =  56  per  cent. 

•^  Oil  put  m  3.05  ^ 

Tests. 

jf„„  r»n  Ts„f  T«  Mixture  Taken      Specific  Gravity       Per  Cent.  Oil 

""°-  uiJl-utin.  Q^j  Mixture.  Regained. 

1 1.86pounds  2.81  .930  58.6 

2 3.05        "  5.1  .942  53 

3 1.4  "  1.82  .940  42 

Average 51 . 2 

The  specific  gravity  of  the  oil  put  into  the  pipe  through  pump 
was  .893  at  60  degrees  Fahr. 

These  experiments  prove  that,  in  round  numbers,  52  per  cent, 
of  the  oil  was  regained,  although  the  mixture  which  might  be 
used  for  lubrication  again  was  a  much  larger  amount. 


.     DISCUSSION. 

M?\  Francis  II.  Boyer. — For  steam  users  who  are  situated 
where  they  have  to  use  salt  water  this  becomes  an  important 
feature.  When  j^ou  think  'for  a  moment  that  we  have  to  con- 
sume all  the  way  from  9  to  15  per  cent,  of  the  valuation  of  the 
fuel  consumed  for  the  water  that  we  use,  it  becomes  a  considera- 
tion of  which,  when  I  read  the  title  of  this  paper,  I  was  in  hopes 
that  Mr.  Emory  would  give  us  some  solution,  but  we  find  none. 
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I  would  not  question  for  ;l  inoniciil  I  lie  lirst  chiuse  of  his  jKiper, 
where  lie  speaks  of  th(i  separjitiou  of  tlie  water,  but,  taking  up  the 
steam  se])arati()n,  piohahly  iIkm-c;  is  not  anianufacturer  or  engineer 
in  the  i-ooni  but  \vhat  is  intensely  interested  in  this  question  of 
se})arating  oil  from  (exhaust  steam,  and  on  shipboard  you  know 
Avhat  that  means.  The  oil  accumulates,  and  let  ever  so  small  an 
amount  of  it  ij^ct  into  the  water,  you  have  serious  trouble  with 
your  boilers.  I  have  a  plant  where,  with  a  series  of  engines,  we 
run  about  800  horse-power  into  one  exhaust  line,  and  to  extract 
the  oil  from  the  exhaust  steam,  putting  in  one  of  these  large  baf- 
fle-plate se])arators,  we  caught  this  oil,  and  convert  it  and  re-use 
it  for  lubricating  purposes.  If  I  had  been  in  the  packing  business 
I  could  have  made  better  use  of  that  oil  for  packing  purposes 
than  lubricating.  It  came  out  in  a  spongy  mass,  after  being 
heated  to  the  temperature  of  the  steam — 312  or  320  degrees — it 
became  a  spongy  mass  with  no  lubricating  properties.  There  was 
nothing  of  oil  left,  and  it  was  absolutely  of  no  value  for  lubricat- 
ing purposes.  There  is  a  device  known  to  men  in  the  ice-manu- 
facturing business  for  separating  oil  from  exhaust  steam  that  does 
its  work  perfectly.  They  build  a  large  cylinder  or  tank,  putting 
a  baffle-plate  in  the  bottom  ;  as  the  steam  comes  up,  distributing 
it,  and  then  letting  it  pass  through  any  substance  by  which  this 
oil  Avill  become  coated  on  the  substance  it  may  contain.  I  found 
one  cylinder  filled  with  bluestone  spawls  ;  another  one  Avith  brick. 
I  saw  another  one  filled  with  wood  ;  another  one  that  I  knew  of 
where  they  put  salt  grass.  But  in  my  own  work  I  would  prefer 
to  use  with  that  class  of  separator  coke  or  charcoal,  for  the  reason 
that  after  this  substance  becomes  once  covered  with  oil  you  can 
burn  it,  and  by  using  coke  you  can  put  it  in  your  furnace  to  make 
fuel.  That,  in  association  with  a  surface  condenser,  makes  a  very 
complete  plant.  I  do  not  know  of  one  that  is  being  run  that  way, 
although  I  have  designed  one  and  contemplate  its  building  at  an 
early  date.  For  1,000  horse-power  I  shall  build  a  cylinder  6  feet  in 
diameter  to  12  feet  in  length,  about  24  inches  on  the  bottom. 
We  will  use  for  the  first  operation  an  oil  separator  of  the  baffle- 
plate  design.  In  this  I  should  expect  to  get  out  70  or  80  per  cent, 
of  the  oil,  then  passing  it  through  the  coke,  and  as  it  comes  up 
through  the  separator,  the  time  it  will  take  to  deposit  oil  on  the 
surface  of  the  coke — ten  days  or  thirty  da^^s  or  sixty  days,  what- 
ever it  mav  be — will  establish  the  leno:th  of  the  fillino^,  and  when 
you  are  through  open  your  manholes  and  take  your  coke  out  and 
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burn  it,  and  put  in  a  fresh  supply.  Erecting  tliis  in  contact  with 
a  condenser  be^'ond  the  separator,  we  find  a  loss  not  over  from 
2  to  8  inches  of  the  vacuum  running  at  22  to  28  inches.  In 
Boston,  in  one  of  the  oldest  installations  of  our  large  electric  plants, 
where  they  are  running  off  4,000  horse,  their  water  costs  them 
$0,000  a  year.  They  are  running  their  water  direct  through  jet 
condensers  and  into  the  river.  They  did  buy  a  large  steam  sepa- 
rator of  the  baffle-plate  description,  and  separated  as  large  a  per 
cent,  of  oil  as  possible,  and  prevent  that  from  running  on  the  sur- 
face of  the  Charles  liiver.  But  I  know  not  now  of  a  large  plant 
where  this  separation  of  oil  from  the  water  is  sufficient  to  permit 
this  being  used  continually,  and  I  do  not  believe  there  is  a  baffle 
separator  that  is  made  that  will  separate  oil  from'  exhaust  steam 
in  a  manner  satisfactory,  and  for  the  re-using  of  the  Avater.  I 
think  it  is  an  important  question,  not  so  much  the  question  that 
is  brought  out  by  Mr.  Emory  in  his  paper,  but  this  question  of 
the  separation  of  oil  from  water  ;  that  it  is  one  that  means  a  good 
deal  of  savino:  and  economv,  and  one  in  which  all  engineers  are 
interested. 

Mr.  Emory. — I  would  add  only  a  few  words  in  explanation  of 
the  paper,  and  say  that  no  test  of  the  lubricating  qualities  of  the 
oil  separated  during  the  test  Avas  made.  As  the  oil  did  not  pass 
through  an  engine  cylinder,  and  encountered  actual  demands  of 
lubrication,  it  was  thought  such  a  test  would  not  be  of  much 
value.  A  chemical  test,  also  a  physical  test,  was  intended  to  be 
added.  But  as  reported,  it  was  simply  a  separation  test  and  noth- 
ing else.  As  the  separation  of  the  residue  is  the  first  essential  in 
reclaiming  and  cleansing,  it  does  not  appear  to  me,  as  affecting  the 
efficiency  of  a  separator  of  this  tj^pe,  whether  this  residue  has 
lubricating  qualities  or  not.  The  chemical  changes  in  the  oil  due 
to  the  heat  of  the  engine  cylinder  or  steam  cannot  justly  be 
chai'ged  to  the  separator.  I  trust  Mr.  Boyer  will  show  the  effi- 
ciency of  his  contemplated  arrangement  when  completed,  together 
with  tests  of  the  lubricating  qualit}^  and  value  of  the  reclaimed 
oil.     I  for  one  shall  be  much  interested. 
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EXPERIMENTS    ON    VARIOUS    TYPES    OF   FIRE 

HYDRANTS. 

BY  CHAS.    L.   NEWCOMB,    HOLYOKE,    MASS. 

(Member  of  the  Society.) 

The  fire  hydrant,  called  in  many  places  a  fire  plug,  is  an  im- 
portant part  of  the  fire  apparatus  which  our  cities  and  towns 
are  providing  to  guard  against  the  fire  hazard.  The  importance 
of  this  apparatus  is  at  once  seen  when  we  remember  that  on  the 
average  each  year  over  one  hundred  million  dollars'  worth  of 
property  is  destroyed  by  fire  in  the  United  States. 

The  object  of  these  tests  was  a  complete  investigation  of  the 
fire  hydrants  now  commonly  used,  and  the  work  was  divided 
into  the  following  classes  : 

1.  The  loss  of  pressure  due  to  the  friction  of  water  in  the 
hydrant,  the  total  loss  being  subdivided  into  barrel  loss  and 
nozzle  loss. 

2.  The  discharging  capacity  of  open  hydrant  butts  at  different 
pressures. 

3.  The  water-hammer  caused  by  quickly  closing  the  main 
gate. 

4.  General  features  of  construction,  certainty'  of  action, 
strength,  durability,  etc. 

Some  interesting  data  were  also  obtained  on  two  6-inch  meters 
which  were  used  in  the  tests. 

A  few  tests  on  several  different  hydrants  were  made  in  1886 
by  Prof.  Selim  H.  Peabody,  of  the  University  of  Illinois.  The 
results  of  these  were  not  entirely  satisfactory.  Mr.  John  R. 
Freeman,  in  his  "  Hydraulics  of  Fire  Streams,"  ^  gives  a  table  of 
the  discharge  of  one  open  butt  of  a  four-way  independent  gate 
hydrant  at  various  pressures  and  some  percentage  corrections 
when  using  the  table  for  other  types  of  hydrants.  Beyond 
these  tests  the  writer  has  been  unable  to  find  anything  of  im- 

*  Presented  at  the  Washing-ton  meeting  (May,  1899),  of  tlie  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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Kewcomb 


PLAN 


8  in.  Supply 'Main  ftom  City  Pressure,  70  Lbs. 


ELEVATION 
Newcoinb 

Fig,   155, — Plan  akd  Elevation  op  Piping,  Showing  the  Arrangement  for 
Testing  of  Fire  Hydrants,  Holyoke,  Mass.,  November,  1897. 
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portance,  tliouj^li  dilij^ciiit  iii(|uiry  was  raado.  In  tlio  experi- 
inonts  here  doscribecl  it  was  possible  to  test  a  large  number  of 
hydrants  under  widely  varying  conditions,  and  the  aim  has 
been  to  bring  out  results  which  would  be  of  value  to  hydraulic 
engineers  and  hydrant  manufacturers. 

Tlie  tests  were  made  for  the  Water  Department  of  the  City 
of  Holyoke,  Mass.,  at  the  request  of  the  Water  Commis- 
sioners. They  were  carried  on  in  the  basement  of  the  Water- 
Works  shop,  commencing  in  November,  1897,  and  ending  in 
June,  1898,  with  an  intermission  of  several  months.  The  full 
facilities  of -the  Water  Department  were  at  all  times  available, 
thus  making  it  possible  to  go  into  the  investigation  with  much 
thoroughness. 

The  writer  is  indebted  to  Mr.  John  K.  Freeman,  of  the  Asso- 
ciated Factory  Mutual  Fire  Insurance  Companies,  for  valuable 
suggestions  from  his  large  experience  in  testing  work,  and  for  the 
general  cooperation  of  the  Inspection  Department  of  Factory 
Mutuals.  Mr.  Frank  L.  Pierce  and  Mr.  E.  V.  French,  of  that 
department,  made  frequent  visits  to  the  testing-room  during  the 
experiments,  and  gave  much  help  in  planning  the  scope  of  the 
tests  and  the  arrangement  and  handling  of  apparatus.  The  test- 
ing Avork  done  in  1897  and  in  January,  1898,  was  under  the  imme- 
diate charge  of  Mr.  Ezra  E.  Clark,  of  Springfield,  Mass.  The 
work  done  in  June,  1898,  was  undsr  the  immediate  charge  of 
Mr.  A.  L.  Kendall,  of  the  Factory  Mutuals.  Messrs.  French, 
Clark  and  Kendall  have  also  aided  in  carrying  on  the  computa- 
tions and  in  getting  the  report  in  shape  for  publication. 

The  hydrants  were  in  part  bought  from  the  manufacturers 
and  in  part  loaned  by  them.  In  all  cases  it  was  fully  explained 
that  the  hydrants  were  to  be  used  in  extensive  tests,  and  that 
the  usual  commercial  article  was  desired.  The  cheerful  co- 
operation of  the  manufacturers  was  of  material  help  throughout 
the  experiments. 

The  mercury  gauges  and  the  meter  nozzle  were  loaned  by  the 
Inspection  Department  of  the  Factory  Mutuals.  The  Trident 
meter  was  loaned  through  the  kindness  of  the  Neptune  Meter 
Company.  The  Worthiogton  meter  was  purchased  specially  for 
the  work.  The  American  Thompson  Improved  Indicators  were 
loaned  by  the  American  Steam  Gauge  Company. 

*" Experiments  Relating  to  Hydraulics  of  Fire  Streams,"  Trans.  American 
Society  of  Civil  Engineers,  Vol.  XXI.,  Table  B-Xo.  3. 
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Fig.  156. — Intekiok  of  Testing-room. 


Fig.  157. — Interior  of  Testing-room. 
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ArUANGEMENT    of   ApI'AKA'I'US. 

The  "WJitor  for  the  tests  wjis  drawn  from  the  city  mains,  an 
8-iiich  pipe  being  laid  into  the  l)asement  for  this  work.  The 
city  is  supplied  by  gravity  from  reservoirs,  and  the  pressure 
was  generally  quite  stead}'.  The  mains  were  of  such  size  that 
all  water  needed  could  be  obtained  at  good  pressure.  Fig.  155 
sliow^s  the  general  arrangement  of  apparatus.  The  "S-inch  main 
was  provided  with  a  gate  just  inside  the  building.  It  then  con- 
nected with  a  6-inch  Worthiugton  meter.  A  short  length  of 
pipe  connected  the  meter  to  a  manifold  with  six  outlets.  To 
each  outlet  was  attached  a  6-incli  gate,  and  the  hydrants  con- 
nected with  the  gate  by  a  short  length  of  6-inch  pipe.  Figs.  156, 
157,  158,  and  159,  made  from  photographs,  show  the  general  ap- 
pearance of  the  apparatus. 

Piezometers — About  2  feet  from  the  inlet  of  the  hydrant  a 
hole  for  J-inch  pipe  was  drilled  in  the  cast-iron  pipe  and  tapped. 
Into  this  liole  a  short  nipple  with  a  stop-cock  was  screwed,  from 
w^hich  connections  w^ere  taken  for  the  gauges.  This  connection, 
served  in  place  of  a  regular  piezometer  and  can  be  relied  upon 
to  give  sufficiently  accurate  results,  as  the  velocities  were  not 
high  and  there  were  several  feet  of  straight  pipe  back  of  the 
hole,  so  that  a  uniform  condition  of  flow  might  be  expected. 
Care  was  taken  to  drill  the  hole  at  right  angles  to  the  pipe  and 
to  prevent  the  gauge  connection  from  extending  into  the  pipe. 
Care  was  also  taken  to  remove  any  burr  made  in  drilling.  If 
either  of  these  points  had  been  neglected  a  false  reading  would 
have  been  the  result. 

A  i-inch  hole  was  tapped  into  the  back  of  the  hydrant  about 
on  a  level  with  the  nozzles,  and  a  connection  screwed  in  with  the 
same  care  as  for  the  6-inch  pipe.  To  the  2|^-inch  hydrant  out- 
lets special  piezometers,  as  shown  in  the  sketch  on  page  500,  w*ere 
attached.  The  circular  space  extended  around  the  piezometer 
and  connected  with  the  interior  by  four  |-inch  holes  drilled 
at  right  angles  to  the  axis  of  the  bore  The  pipe  leading  to 
the  gauges  w^as  connected  to  this  space  between  two  of  the 
holes.  This  arrangement  materially  assists  in  the  accurate 
determination  of  the  pressure  when  the  velocity  is  high  and 
the  water  is  likely  to  be  in  eddies,  as  would  be  the  case  at 
the  outlet  of  a  hydrant.  At  the  end  of  the  piezometer  a  50-foot 
line  of  ordinary  2.T-inch  cotton,  rubber-lined,  jacketed  fire  hose^ 
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Fig.  158. — Exterior  of  Testing-room,  Showing  Meter  Nozzle  in 

Operation. 


Fig.  159.— Interior  of  Testing-room,  Showing  Hydraulic  Test  Pump  on 
Right  and  Water-hammer  Rig  to  Left  of  Centre. 
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lojiiiod  \)y  tli(^  I'ire  DopartiiKMit,  was  Jittaclied,  wliicli  (ujiiducted 
the  water  to  a  meter  nozzle  located  in  the  yard.  When  two  out- 
lets were  in  use  two  lines  of  hose  were  employed,  and  for  the 
three-  or  four-way  hydrants  three  and  four  lines  were  used.  With 
two  lines  of  hose  two  piezometers  were  used  and  connected  to- 
gether by  a  short  length  of  ^-inch  pipe.  The  connection  for  the 
IJ-gauge  was  taken  from  about  the  middle  of  this  pipe.  When 
using  more  than  two  streams,  only  two  piezometers  were  used,  it 
being  assumed  that  the  average  ])ressure  was  fairly  well  secured 
in  this  way  without  the  use  of  a  piezometer  on  each  outlet. 

Meter  Nozzle.—The  meter  nozzle  was  one  designed  by  Mr.  John 
B.  Freeman  for  accurate  Avater  measurement.    A  cut  of  it  is  shown 
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Fig.  160. 


in  Fig.  161.*  The  three-way  connection  joins  a  3f-inch  smooth- 
bore play  pipe,  having  at  its  end  a  3|-inch  piezometer  with  gauge 
connection  at  C  made  on  the  same  principle  as  the  2. 2 -inch 
piezometer,  shown  in  Fig.  160.  To  the  end  of  the  piezometer 
nozzles  from  T^-inch  to  2J-inch  bore  can  be  screwed.  When 
using  four  streams  an  ordinary  Siamese  connection  was  screwed 
to  one  of  the  inlets.  For  the  six  streams  in  the  tests  of  the  six- 
way  hydrant,  the  fifth  and  sixth  lines  were  run  separately,  and 
each  provided  with  an  Underwriter  play  pipe.  At  the  base  of 
one  play  pipe  was  a  2J-iuch  piezometer,  which  was  connected 
to  the  mercury  column  and  turned  on  alternately  with  the  meter 
nozzle. 

With  the  pressure  at  the  nozzle  piezometer  accurately  known 
the  quantity  of  water  can  be  readily  computed.     In  all  the  fric- 

*  A  full  account  of  tlie  original  tests  of  this  nozzle  will  be  found  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  Vol.  XXIV. 
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tion  loss  tests  tlie  quantities  were  determined  by  tlie  nozzles 
rather  than  by  the  meter.  Tlie  Worthington  meter  gave  trouble 
from  its  pulsations  affecting  tlie  gauges,  so  that  the  by-pass  con- 
nection shown  at  the  left  in  Fig.  155  was  put  in  and  the  meter 
abandoned.  Later  the  Trident  meter  was  put  into  this  connec- 
tion and  used  for  the  last  part  of  the  open-butt  tests. 

Gauges. — The  nozzle  pressures  were  measured  by  a  mercury 


Fig.  IGl. — Meter  Nozzle. 


column  ^  with  a  scale  graduated  to  read  pounds  and  tenths  of  a 
pound  directly  and  to  include  a  connection  for  the  lowering  of 
the  surface  of  the  mercury  in  the  cistern.  The  gauge  was  con- 
nected to  the  nozzle  piezometer  by  ^-incli  iron  pipe  and  rubber 
tubing,  care  being  taken  to  have  the  joints  practically  tight. 
The  pipe  sloped  upAvards  from  the  nozzle,  and  a  blow-off  cock 
was  placed  at  the  highest  point,  so  that  all  air  in  the  connections 
could  be  surely  blown  out.     The  gauge  was  set  up  against  the 

*  For  the  general  construction  of  the  mercury  column,  method  of  graduating 
the  scale  to  compensate  for  lowering  of  the  cistern,  weight  of  mercury,  etc.,  see 
"  Hydraulics  of  Fire  Streams,"  by  J.  R.  Freeman,  Transactions  A.  S.  C.  E.,  Vol. 
XXI. 
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reai'brick  wall  of  tlio  building,  and  tlio  tube  extended  into  the 
second  story  of  the  shop,  tlirough  a  In^le  in  the  floor. 

Losses  of  ])ressure  were  measured  between  the  6-inch  inlet 
and  the  connection  at  the  top  of  the  hydrant,  also  between  the 
0-inch  inlet  and  the  2J-inch  j)iezometer.  Thus  the  first  gave  the 
barrel  loss  and  the  second  the  total  loss.  The  difference  was 
then  the  nozzle  loss.  These  losses  were  measured  directly  on  a 
U-tube  mercury  gauge  made  and  connected  about  as  shown  in 
Fig.  155.  For  these  gauges  a  heavy  glass  tube  with  an  inside 
diameter  of  about  |  inch  was  bent  into  the  shape  of  a  U,  with 
one  leg  about  twice  the  length  of  the  other.  The  tube  was 
filled  with  mercury  nearly  to  the  top  of  the  shorter  leg.  A  short 
length  of  rubber  tube  was  cemented  to  the  top  of  each  leg. 
This  tube  connected  the  glass  to  a  fitting  made  up  of  ordinary 
J-inch  pipe  and  containing  stop-cocks  and  a  blow-off  cock  for 
air.  From  these  fittings  connections  of  J-inch  iron  pipe  or  of 
rubber  hose  were  taken  to  the  points  on  the  hydrants  between 
which  the  loss  was  desired.  Care  was  always  taken  to  have  the 
connections  slope  upward  from  the  hydrant  to  the  air-cocks,  so 
that  when  the  cock  was  opened  the  swift  flowing  current  of  water 
washed  out  all  air  in  the  connections. 

These  gauges  gave  directly  the  gross  loss  of  pressure  between 
the  two  points  with  which  connection  was  made,  this  loss  being 
the  difference  in  height  between  the  two  columns,  less  a  slight 
correction  for  a  column  of  water  of  a  height  equal  to  this  differ- 
ence. A  measuring  stick  graduated  directly  in  pounds  and 
tenths  of  a  pound  was  fitted  between  the  legs  of  the  tube  and 
gave  the  readings  directly  in  pounds. 

Open-hutt  Tests. — In  the  open-butt  tests  the  water  was  dis- 
charged directly  from  the  2.^-inch  hydrant  butt.  The  floor  of 
the  test-room  was  of  brick  laid  in  cement,  with  a  large  drain  all 
prepared  especially  for  this  w^ork,  so  that  the  water  could  be 
blown  out  anywhere  in  the  room. 

For  the  tests  through  No.  368  the  mercury  gauge  was  con- 
nected to  the  6-inch  piezometer  at  the  inlet  of  the  hydrant,  and 
a  U-gauge  connected  between  this  point  and  the  connection 
on  the  back  of  the  hydrant.  The  pressure  at  the  outlets  was 
then  the  mercury- column  reading  corrected  for  elevation,  less 
the  friction  loss  through  the  hydrant,  which  was  given  by  the 
U-gauge.  After  test  368  the  mercury  column  was  connected 
directly  to  the  nipple  at  the  back  of  the  hydrant  barrel  opposite 
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the  outlets.  This  gave  the  pressure  directly  at  the  outlets,  and 
was  better  thau  the  first  arrangement,  as  it  avoided  the  errors  of 
the  U-gauge. 


3fethod  of  Condnctimj  Test  and  Compidlncj  Rfsnlfs. 

Friction  Losses. — In  all  the  tests  observers  were  placed  at  the 
different  gauges  and  took  readings  simultaneously  at  the  sound 
of  a  bell,  a  warning  bell  being  struck  five  seconds  before  the 
time  for  the  reading.  The  majority  of  the  tests  were  of  ten 
minutes'  duration,  and  readings  were  taken  each  minute.  A  few 
of  the  tests  were  of  five  minutes'  duration,  and  in  these  half- 
minute  readings  were  taken. 

The  following  programme  was  adopted  for  all  the  friction-loss 
tests : 


Condition. 
One-hose  outlets. . 


Two-hose  outlets  . 


Size  of 

Meter 

Nozzle. 

f 

inch 

n 

inches 

u 

If 

2 

u 

u 

If 

2 

2^ 

Approximate 

Pressure  at 

Nozzle. 

Approximate 

Gallons  per 

Minute  Flowing 

66  pounds 

130 

46       " 

250 

33       " 

350 

24       " 

450 

19      " 

550 

65       " 

375 

30       " 

500 

45       '' 

625 

34      " 

750 

17      " 

850 

In  all  cases  after  the  water  was  started  ample  time  was 
allowed  before  the  readings  were  commenced  to  make  sure  the 
water  had  come  to  a  steady  condition  of  flow. 

Before  or  after  each  series  of  tests  the  zero  reading  of  the 
mercury  column  was  obtained  by  filling  the  gauge  connections 
with  water  and  holding  the  end  level  with  the  centre  of  the 
nozzle  and  then  reading  the  gauge. 

At  the  end  of  a  series  of  tests  the  averages  were  quickly  com- 
puted and  checked,  and  the  gross  loss  in  pounds,  and  the 
gallons  per  minute  discharged  for  each  condition,  were  plotted 
on  cross-section  paper  and  a  curve  drawn  through  the  points. 
This  gave  a  constant  check  on  the  work  and  quickly  showed  up 
any  error.  The  occasional  prompt  finding  of  a  discrepancy 
tended  strongly  to  impress  the  observers  with  the  need  of  care 
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in  tn.kiiig  readings  and  handling  tlio  apparatus.  For  this  reason 
and  for  the  greater  ease  with  which  any  trouble  is  located  and 
remedied,  and  for  the  chance  of  studying  the  results  and  in- 
vestigating at  once  while  the  apparatus  is  in  place  any  special 
feature,  this  method  of  carrying  the  computations  along  with  the 
w^ork  is  believed  to  bo  of  the  greatest  benefit  to  the  experimenter. 
The  chance  of  f^ilsc  readings  was  carefully  guarded  against  by 
liberal  blowing  oif  of  all  connection  before  each  test.  For  a 
number  of  hydrants,  series  of  tests  were  repeated  to  try  the 
accuracy  of  the  w^ork,  and  it  was  almost  invariably  found  that 
the  two  series  agreed  well  within  practical  limits. 

The  cpiestion  was  raised  as  to  w^hether  the  high  velocity  of 
water  through  the  2.^-inch  hydrant  butt  might  not  cause  such  a 
contraction  of  the  stream  as  to  affect  the  readings  of  the  U-tube. 
Two  series  of  tests  were  therefore  made  on  one  hydrant,  one  with 
the  2|-inch  piezometer  next  to  the  hydrant  outlet,  which  was 
the  usual  arrangement,  and  the  other  with  a  piece  of  2i-inch 
pipe  about  2  feet  long  between  the  hydrant  and  the  piezometer. 
A  special  test  for  the  friction  loss  in  this  2J-incli  pipe  was  then 
made,  and,  correcting  for  this  loss,  tlie  results  were  found  to  be 
practically  the  same  in  the  one  case  as  the  other,  showing  that 
the  piezometer  screwed  directly  to  the  hydrant  could  be  relied 
upon  for  accurate  results. 

Computations. — The  average  readings  from  each  test  were 
copied  onto  data  sheets  arranged  with  parallel  columns.  The 
main  steps  of  the  computations  were  also  put  onto  these  sheets, 
thus  giving  a  complete  record  of  the  work.  The  sheets  appear 
at  the  end  of  the  report.  The  friction-loss  tests  are  arranged 
in  alphabetical  order  according  to  the  names  of  the  hydrants, 
with  all  the  tests  on  one  make  of  hydrant  grouped.  The  open- 
butt  tests  are  in  order  of  test  numbers.  For  a  few  of  the  hy- 
drants complete  tests  w^ere  not  made,  for  lack  of  time.  The 
absence  of  data  will  show  where  these  omissions  occur. 

For  the  friction-loss  data  sheets  the  following  explanations 
may  be  made  : 

Column  4  gives  the  size  of  the  nozzle  tips  used  in  the 
different  tests. 

Column  5  gives  in  the  first  part  the  actual  reading  of  the 
mercury  gauge  attached  to  the  nozzle,  and  in  the  second  the 
pressure  corrected,  as  already  described,  for  the  difference  in 
height  between  the  centre  of  the  nozzle  and  the  zero  of  the 
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gauge ;  that  is,  the  second  column  gives  the  actual  pressure  at 
the  nozzle. 

Column  6  is  obtained  directly  from  column  5  by  curves  plotted 
from  the  following  formula,  which  is  taken  from  "  Hydraulics 
of  Fire  Streams  "  : 

29.83  cd' 


G  = 


vVZ7(^''' 


a 

4 

inch  nozzle 

n 

n 

u 

2 

2^ 

d  =  diameter  of  orifice  of  discharge  in  inches. 
D  —  diameter  of  piezometer  in  inches. 
c  —  coefficient. 

p  =  pressure  in  pounds  per  square  inch  at  centre  of  orifice. 
The  following  coefficients  were  used : 

Coefficient  0.985 

.99 

.99 

.995 

.995 
.995 

Column  7  was  obtained  by  an  ordinary  Bourdon  gauge  attached 
to  the  piezometer  conneetion  in  the  6-inch  pipe  supplying  the 
hydrant.  These  readings  were  taken  to  show  the  approximate 
pressure  worked  at  and  thus  make  the  data  complete.  The  fric- 
tion losses  were  of  course  independent  of  the  pressure. 

Columns  8  and  9  show  the  gross  losses  read  directly  from  the 
U-tube  gauges,  and  also  these  losses  corrected  for  the  water 
column,  as  already  explained. 

Column  10  is  merely  the  difference  between  columns  8  and  9, 
and  is  therefore  the  gross  nozzle  loss. 

Columns  11,  14,  and  16  are  computed  from  the  quantity  flow- 
ing as  given  in  column  6,  and  columns  12,  15,  and  17  are  ob- 

tained  from  these  velocities  by  the  formula  Ji  =  -,,— .    The  losses 

given  in  columns  8  and  9  are  not  actual  friction  losses,  as  they 

contain  the  gain  or  loss  of  head  due  to  changes  in  the  velocity 

of  water.     For  example,  the   actual   friction  loss   between  the 

gauge  connection  on  the  6-inch  pipe  supplying  the  hydrant  and 

the  2^-inch  piezometer  on  the  hydrant  outlet,  i.e.,  the  total  loss 

(column  19),  is  the  gross  loss  of  column  8  less  the  loss  of  head 

necessary  to  change  the  velocity  from  that  in  the  6-inch  pipe  to 
33 
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tliat  iu  the  2.}-incli  pipe.  This  loss  is  the  difference  in  the 
heads  corresponding  to  the  two  vek)cities,  which  is  column  17 
less  column  12.     The  actual  friction  loss  is  therefore 

Column  8  —  (column  17  —  column  12)  =  column  19. 

When  two  lines  of  hose  were  in  use  half  the  total  quantity  was 
assumed  to  be  passing  through  each  outlet ;  with  three  lines 
one-third  each,  and  four  lines  one-quarter  each. 

Column  18  is  figured  in  a  similar  way. 

Column  20  is  simply  the  difference  between  columns  19  and 
18,  which  is  the  nozzle  loss. 

Open-hutt  Tests. — The  general  method  of  procedure  was  the 
same  as  for  the  friction  tests.  The  mercury  column  and  the  U- 
gauge,  in  the  tests  where  it  was  used,  were  read  in  the  same  way 
and  with  the  same  care  as  in  the  friction-loss  tests.  The 
quantity  of  water  was  obtained  from  the  meters,  the  Worthing- 
ton  meter  being  used  in  all  of  the  earlier  tests,  the  Trident 
meter  in  the  later  ones.  The  exact  time  in  which  the  meter 
registered  an  even  number  of  cubic  feet  was  noted  with  a  stop- 
watch. To  get  an  even  number  of  cubic  feet  a  definite  number 
of  revolutions  of  one  of  the  dial  hands  was  timed.  This  method 
is  free  from  possible  inaccuracies  in  the  graduations  of  the 
meter  registers. 

The  average  readings  from  each  test  and  the  main  steps  of 
the  computations  have  been  placed  on  data  sheets  similar  to 
those  used  in  the  friction-loss  tests.  These  sheets  are  placed  at 
the  end  of  the  report,  and  in  them  the  arrangement  is  according 
to  test  numbers,  this  being  more  convenient  under  the  condi- 
tions than  an  alphabetical  order.  The  following  explanations  may 
be  made. 

Column  2  is  the  duration  of  test  from  the  stop-watch  readings. 

Column  7  is  the  reading  of  the  mercury  gauge. 

Column  8  is  the  correction.  In  the  earlier  tests  this  is  in 
two  parts — the  first  part  for  the  difference  in  elevation  between 
zero  of  the  scale  and  the  centre  of  the  connection  at  the  top  of 
the  hydrant  barrel.  The  second  part  of  the  correction  is  the 
friction  loss  in  the  barrel  given  by  the  U-tube  reading.  After 
the  U-tube  was  abandoned,  the  correction  is  simply  for  eleva- 
tion. 

Column  9  is  column  7  less  column  8,  and  is  therefore  the  real 
pressure  at  the  back  of  the  hydrant  outlet. 
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Column  10  is  the  total  cubic  feet  passed  in  the  time  given  in 
column  2. 

Column  11  is  computed  from  columns  2  and  10. 

Column  12  is  read  directly  from  the  meter-calibration  curve. 

Column  13  comes  from  column  12,  using  the  assumption  that 
at  a  given  pressure  the  discharge  varies  inversely  as  the  square 
of  the  diameters. 

On  several  hydrants  tests  were  run,  first,  with  the  pressure 
taken  at  the  usual  connection  at  the  back  of  the  barrel,  and, 
second,  with  the  pressures  taken  at  a  connection  tapped  into  a 
cap  screwed  to  the  other  outlet  if  a  two-way  hydrant,  and  to  any 
one  of  the  other  outlets  if  the  hydrant  had  more  than  two  out- 
lets. The  plotted  points  from  the  two  tests  gave  practically  the 
same  curve,  showing  that  where  more  convenient  there  is  no 
objection  to  using  a  tapped  hydrant  cap. 

Curves. — In  addition  to  the  rough  plottings  which,  as  already 
stated,  were  made  as  the  work  progressed,  final  curves  were 
drawn  from  the  completed  results.  It  was  from  these  curves, 
which  give  the  best  means  of  averaging  the  several  experiments 
on  any  one  hydrant,  that  the  data  for  the  tables  designed  for 
practical  use  were  taken. 

Plates  I.  to  XXII.,  inclusive  (Figs.  162  to  183),  show  friction 
losses,  and  are  columns  18  and  19  of  the  data  sheets,  plotted  with 
column  6,  thus  giving  actual  friction  losses  for  one  coordinate 
and  gallons  per  minute  flowing  for  the  other. 
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Plates  XXIII.  to  XXV.  (Figs.  184-5-6)  give  similar  plottings 
for  the  open-butt  tests,  pressures  at  the  back  of  the  hydrant  being 
taken  for  one  coordinate  and  gallons  per  minute  for  the  other. 

These  curves  give  convenient  means  of  studying  the  general 
uniformity  of  results  and  for  interpolating  between  the  points 
given  in  the  summary  tables.  They  also  furnish  a  complete 
graphical  record  of  the  results  which  are  shown  in  tabulated 
form  on  the  data  sheets.  As  many  curves  as  were  consistent 
with  clearness  have  been  plotted  on  one  sheet,  and,  in  general, 
hydrants  of  similar  main  dimensions  will  be  found  plotted 
together. 

Accuracy. — In  the  friction-loss  tests  the  nozzle  pressures  were 
read  to  the  nearest  0.1  of  a  pound,  which  represented  a  little  less 
than  one-quarter  inch  on  the  scale,  and  was  therefore  a  very  easily 
read  division.  The  fluctuations  under  ordinary  conditions,  due  to 
changes  of  pressure  in  the  city  mains,  were  less  than  one  pound. 
"When  more  than  this,  the  unusual  readings  and  the  correspond- 
ing ones  on  the  other  gauges  were  thrown  out.  It  may  safely 
be  assumed  that  the  nozzle  pressures  were  correct  within  one- 
quarter  of  a  pound.  At  the  pressures  worked  at,  this  would 
mean  an  error  in  quantity  of  less  than  1  per  cent. 

The  U-gauges  in  the  later  tests  were  read  to  the  nearest  0.01 
pound ;  in  the  earlier  ones  to  the  nearest  0.05  pound,  except 
for  the  very  small  losses,  where  somewhat  closer  readings  were 
made.  At  the  small  losses  there  was  almost  no  vibration  of  the 
mercury  columns,  thus  facilitating  accurate  readings.  For  the 
larger  losses  careful  throttling  of  the  cocks  reduced  the  vibra- 
tions to  a  small  range.  By  plotting  these  losses  with  the 
quantities  corresponding,  and  locating  an  average  curve  through 
the  points,  the  errors  tend  to  neutralize  each  other,  and  it  will 
be  seen  by  studying  the  plates  that  the  points  do  very  readily 
locate  such  curves,  and  that  but  few  of  them  lie  far  outside  the 
average  line.  Losses  read  from  these  curves  may  be  considered 
correct  within  2  per  cent.  Table  I.  and  the  pyramid  diagrams 
were  made  from  the  curves. 

In  the  open-butt  tests  the  mercury  column  was  read  to  the 
nearest  0.1  pound.  The  average  pressure  from  the  ten  read- 
ings would  probably  not  be  in  error  more  than  0.2  pound  and 
in  general  not  more  than  0.1  pound.  In  the  tests  where  the 
mercury  column  was  connected  to  the  6-inch  piezometer  the  U- 
gauge  error  also  enters,  but  in  general  this  did  not  exceed  about 
34 
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0.1  poiiiul.  This  mojiiis  wlion  using  the  U-tube  a  iriaximum 
error  of  0.3  pound  and  witliout  the  tube  0.2  pound.  The  per- 
centage errors  decrease  witli  the  increase  of  pressures. 

In  estimating  on  the  meter  just  whc^n  the  dial  liand,  with  the 
meter  in  motion,  passes  the  zero  point,  an  error  of  1]  cubic 
feet  might  be  made.  If  tlie  errors  at  the  beginning  and  end  hap- 
pen to  be  in  the  opposite  direction,  tlie  maximum  error  woukl  be 
3  cubic  feet.  One  hundred  cubic  feet  was  the  smallest  quantity 
passed  in  any  test,  and  generally  the  quantity  was  considerably 
larger.  Therefore  in  the  worst  case  the  percentage  error  in 
reading  the  meter  does  not  exceed  3  per  cent.  The  meters  were 
calibrated  by  the  nozzles,  and  an  average  curve  plotted  with 
meter  readings  for  one  coordinate,  and  nozzle  quantities  for  the 
others.  The  errors  in  the  meters  were  found  to  be  practically 
constant  for  any  given  quantity,  so  that  an  error  of  over  1  per 
cent,  in  the  calibration  is  improbable. 

The  stop-watch  was  read  to  the  nearest  one-fifth  second,  and 
was  frequently  rated  so  that  with  ordinary  care  the  time 
should  be  correct  within  1  per  cent,  and  often  closer.  With 
the  above  errors  happening  to  be  all  in  one  direction  the  deter- 
mination of  the  discharge  per  minute  in  any  one  test  might  be 
5  per  cent.  out.  This  would  be  the  worst  condition,  and  in 
general  the  error  would  be  much  less. 

In  this  work,  as  in  the  friction-loss  tests,  the  results  were 
plotted  and  average  curves  drawn.  The  results  from  these 
curves  may  reasonably  be  expected  to  be  correct  within  3  per 
cent. 

Considering  all  the  above,  it  will  be  seen  that  the  results  are 
fimply  accurate  for  all  practical  purposes. 

Hydrants  Tested. 

The  following  cuts,  arranged  in  alphabetical  order,  show  the 
general  features  and  dimensions  of  the  hydrants  tested.  A  study 
of  the  results  of  the  tests  in  connection  with  these  cuts  will 
show  the  reasons  for  the  differences  found. 
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Beaumont. — Fig.  187  shows  the  general  appearance  of  the 
hydrant  tested.  The  casting  towards  the  outlets  was  well 
rounded  and  the  nozzles  leaded  in,  making  a  smooth  joint. 


Fig.  187 


Inside   diameter    of  cylindrical 
barrel,  4 5,  inches. 


Diameter  of   gate    opening,    4^ 
inches. 


Fig.  188  shows  a  cross-section  of  hydrant  barrel  at  gauge  con- 
nection. 


Inside  measurements  at  gauge 
connection  4%"x  2%" 


Kewcomb 


Fig.  188. 


524     KXPKiUMKNTS  OX  \Ai;i()rs   rvrKS  of  imkk  iivdkants. 


Chapman  Nor.  1  and  2. — Fig.  189  shows  the  general  appear- 
ance of  hydrants  Nos.  1  and  2,  but  the  hydrants  tested  were 
simple  two-ways  with  no  steamer  connections.  The  dimensions 
given  are  for  the  hydrants  tested.  No.  1  was  the  regular  com- 
mercial hydrant,  and  had  sharp,  jagged  corners  at  the  2.1 -inch 
outlets.  In  No.  2  the  same  casting  was  used,  but  the  corners 
had  been  chipped  and  filed  and  made  as  smooth  as  possible, 
working  from  the  outside.  The  result  was  fairly  smooth  curves, 
but  of  short  radius,  probably  about  ^  inch. 


Gauge  connection :  Inside  diameter  of 
barrel  at  point  opposite  B  : 

For  No.  1  =  4|  inches 
"    No.  2  =  5       " 


f        Smallest   inside    diameter    of    barrel, 
5i  inches. 


Diameter  of  gate  opening,  5  inches. 


pig.  189 


K«.ir««inl> 
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Chapman  No.  3.— Fig.  190  shows  the  new-pattern  hydrant 
called  No.  3.  This  was  a  two-way  with  steamer  connection. 
The  casting  at  2^-inch  outlets  was  smooth  and  well  rounded. 
Nozzles  did  not  butt  close  against  casting,  but  left  a  groove-like 
space  about  j\r  inch  across. 


Inside  diameter  of  barrel  at  gauge  connections, 
7i  inches. 


m 


Inside  diameter  of  cylindrical  barrel,  7  inches. 


Gate    opening,    oval,    6f  inches    by    5^q    inches, 
equal  in  area  to  circle  5.9  inches  diameter. 


Kewcomb 

Fig.  190 
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Chapman  Three-way. —Fig.  191  shows  the  three-way  inde- 
pendent gate  hydrant.  Nozzles  projected  into  hydrant  about 
^  inch,  and  had  flat  ends,  making  sharp  corners.  ^Jlie  inde- 
pendent gate  arrangement  difi'ers  somewhat  from  that  in  the 
four-way  hydrant.  The  guides  are  cast  with  the  liead,  and  have 
rounded  corners  toward  tlie  current.  The  inside  independent 
valve,  when  wide  open,  projects  ^  inch  to  j\r  inch  into  nozzle 
openings. 


Barrel  at  gauge  connection,  hexagonal ;  distance 
inside  between  flat  faces,  6^\.  inches. 
Round,  inside  diameter,  6  inches. 


Cylindrical  barrel,  inside  diameter,  6f  inches. 


Gate  opening,  oval,  Sy^  inches  by  4:j\  inches. 


Newcomb 

Fig.  191. 
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Chapman  Four-way. — Fig.  192  shows  the  four-way  independ- 
ent gate  hydrant.  The  lowest  point  on  the  independent  gates 
projected  about  -j  inch  into  openings  when  gates  were  wide 
open.  This  caused  a  noticeable  breaking  of  the  stream  in  the 
open-butt  tests. 


.\ewwmb 


Gauge  connection  ;  inside  diameter 
of  barrel,  8j  inches. 


Inside    diameter    of     cylindrical 
barrel,  6f  inches. 


Diameter   of    gate    opening,  6-^ 
inches. 


Fig.  192. 


528      EXPERIMENTS   ON    VARIOUS  TYPES   OF   FIRE   HYDRANTS. 


Coffin  Gate. — Fig.  193  shows  general  appearance  of  Coffin 
hydrant,  but  the  one  tested  had  no  steamer  connection.  Di- 
mensions below  are  for  hydrant  tested.  The  nozzle  entrances 
had  well-rounded  corners. 


Inside   diameter  at  gauge  con- 
nection, 6  inches. 


Diameter    at    .contraction,    5f 
inches. 

Inside  diameter  of  cylindrical 
barrel,  6^  inches. 


Diameter   of  gate  opening,  4j 
inches. 


Fig.  193. 
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Coffin  Compression. — Fig.  194  shows  the  two-way  hydrant  with 
steamer  connection  tested.  The  2^ -inch  nozzle  entrances  had 
well-rounded  corners.  This  pattern  has  no  contracted  section 
like  that  in  the  gate  hydrant. 


Newcomb  ' 

Fig.  194. 


Inside  diameter  at  gauge  connec- 
tion, 6  inches. 


Inside     diameter    of     cylindrical 
barrel,  6  inches. 


Diameter  of  gate  opening,5  inches. 


\ 
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Corey  4-inch  and  5-inch.— Fig.  195  shows  the  general  fea- 
tures of  both  -Jr-inch  and  5-inch  hydrants.  They  were  both  two- 
ways  and  identical,  except  for  size.  In  this  hydrant  the  barrel 
gauge  connection  was  enough  below  the  outlet  to  enter  the 
cylindrical  part  of  the  barrel. 


Inside    diameters    at   gauge 
connection  : 
For   4-inch  barrel  =  SJ  inches 


5-inch 


-6J 


Fig.  195. 


'T^ 


Inside    diameters    of    cylin- 
drical barrel  : 

For  4-inch  hydrant  —  5f  inches 
"    5-inch       "        =^6i     " 


Diameters  of  gate  opening  : 
For  4-inch  hydrant  =  4  inches 
"    5-inch       "        =5       " 


/ 
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Glamorgan. — Fig.  196  shows  the  general  features  of  the  Gla- 
morgan hydrants  referred  to  as  Nos.  1  and  2.  The  castings 
of  both  hydrants  were  similar,  except  that  the  outlets  of  No.  1 
were  less  than  180  degrees  apart,  or  about  like  the  ordinary 
hydrant.  The  nozzle  outlets  were  not  rounded,  but  presented 
square  corners  in  the  barrel. 

No.  2  was  fitted  with  inde2:>endent  cut-offs  attached  to  outlets. 
These  were  of  a  peculiar  design,  working  on  the  principle  of  a 
piston  valve,  the  shutting  off  being  accomplished  by  revolving 
an  external  collar  which  moved  the  valves  over  the  ports.  The 
ports  compelled  the  water  to  make  several  turns  over  sharp 
corners,  accounting  for  the  large  frictional  loss  found. 


Inside     diameters    at    gauge 
connection  : 

For  No.  1,  4f  inches 

"    No.  2,  6:}       " 

Inside  diameters  of  barrel 
at  smallest  part : 

For  No.  1,  5  inches 

"    No.  2,  6f     " 


NeWUQQXtl 


Fig.  196. 


Diameters  of  gate  opening  : 
For  No.  1,  4|  inches 

"    No.  2,  6f     " 
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HoLYOKE  Gate  (4-incli,  5i-incli,  and  6] -inch  Barrel).— Fig.  197 
shows  the  general  features  of  the  nominal  4-inch,  5-inch,  and 
6-inch  hydrants.  These  were  all  two-way.  Casting  at  outlet 
had  rounding  corners,  but  was  rough,  with  small  nubbles  and 
projections. 


Inside  diameters  at  gauge  connections 
For  4-inch  hydrant,  5i%  inches 
"    5-inch         "         6i 
"    6-inch         "         7 


Inside  diameters  of  cylindrical  barrel 
For  4-inch  hydrant,  4f  inches 


"    5-inch 
"    6-inch 


Newcomb 

Fig.  197. 


Diameters  of  gate  opening  : 

For  4-inch  hydrant,  4yV  inches 
"    5-inch         "         5 
"    6-inch        "        6 
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HOLYOKE  C  MPRESSION  N<  S.  1  AND  2. — Fig.  19!>  sliows  the 
geueral  features  of  hydrants  Nos.  1  and  '2,  which  were  both  two- 
way.  The  casting  at  outlet  had  rounding  corners,  but  was 
rough,  witli  small  nubbles  and  projections. 


Inside  diameters  at  gauge  connections 
For  No.  1,  Oj  inches 
"    No.  2,  of       " 


Inside  diameters  of  cTlindrical  barrel 
For  No.  1,  5j  inches 
"    No.  2,  5 


Diameters  of  gate  opening  : 
For  No.  1,  oi  inches 
"    No.  2,  4      " 
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HoLYOKE  Four-way.— Fig.  199  shows  the  independent  gate  hy 
draut,  the  coudition  at  the  nozzles  being  as  shown  in  the  cut. 


Inside  diameter  of  barrel  at  gauge  connection, 
7^  inches. 


Inside  diameter  of  cylindrical  barrel,  6f  inches. 


DRIP[ 


Diameter  of  gate  opening,  6  inches. 


Fig.  199. 
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HoLYOKE  Six-way. — Fig.  200  shows  tlie  general  appearance  of 
the  six-way  independent  gate  hydrant  tested.  The  main  gate  and 
barrel  are  of  the  same  style  as  shown  in  Fig.  197.  The  independ- 
ent gates  at  the  nozzle  outlets  are  similar  to  those  shown  in 
Fig.  199. 


5Newc.'in\ 

Fig.  200. 


Inside  diameters  at  gauge  connections 
For  upper  connection,  9^  inches 


lower 


Ql 

^8 


Inside  diameter  of  cylindrical  barrel,  10  inches. 


Diameter  of  gate  opening,  8  inches. 
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Ludlow. — Fig.  201  sliows  the  two-way  liydmiit  tested.  The 
nozzle  outlets  were  square-cornered,  the  sketch  well  showing  the 
conditions. 


^  Inside  diameter  at  gauge  con- 

nection, 7|  inches. 


Inside  diameter  of  cylindrical 
barrel,  7  inches. 


Diameter   of   gate   opening,  5 
inches. 


Fig.  201. 


1 
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Mathews  5-inch. — Fig.  202  shows  the  general  appearance  of 
the  two-way  compression  hydrant,  with  steamer  connection, 
tested.  The  hydrant  tested  was  fitted  with  the  double-valve 
arrangement,  as  shown  in  Fig.  203.  The  casting  of  hydrant  was 
rounded  at  the  outlets  to  a  radius  of  about  ^  inch,  not  hav- 
ing the  square  corners  shown  in  the  cut. 


Inside  diameter  at  gauge  connection, 
7y\  inches. 


Inside  diameter  of  cylindrical  barrel, 
5f  inches. 


Diameter  of  both  gate  openings,  6j% 
inches. 


Fig.  202.    Fig.  203. 
35 
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Mathews  Four-way. — Fig.  204  shows  the  general  appearance 
of  a  single-valve  compression  hydrant  with  independent  gates  at 
ou.let.  In  Fig.  202  will  be  seen  the  main  valve  arrangement  of 
the  hydrant  tested,  and  in  Fig.  204  the  design  of  the  independent 
gates.  In  the  hydrant  tested  the  head  was  of  somewhat  differ- 
ent design  to  provide  for  the  two  additional  outlets  directly 
above  those  shown.  With  independent  gates  open  the  distance 
from  valve  face  to  edge  of  outlet  is  from  1^  inches  to  If  inches. 


Inside  diameter  at 
gauge  connection,  8J 
inches. 


Inside  diameter  of 
cylindrical  barrel,  6i 
inches. 


Diameter     of     gate 
opening,  6f  inches. 


Is'ewcomb 


Fig.  204. 
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Pratt  &  Cady.— Fig.  205  shows  tlie  general  appearance  of  the 
two-way  hydrant,  with  steamer  connection  tested.  The  hydrant 
tested  was  fitted  with  independent  gates  for  the  2^-iQch  outlets. 
These  gates  were  moved  up  and  down  by  spindles  through  the 
head,  somewhat  similar  to  the  Chapman  and  Holyoke  hydrants, 
but  the  gates  themselves  had  rounding  surfaces  following  the 
curvatures  of  the  barrel.  The  casting  at  the  outlets  had  square 
and  rather  ragged  corners. 


Inside   diameter  at   gauge    connec- 
tions, 0  inches. 


Diameter   of  cylindrical   barrel,  8f 
inches. 


Diameter  of  gate  inlet,  6^  inches. 


Fig.  205. 
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The  Kesults  in  Brief. 

To  put  the  results  into  shape  for  ready  use  the  tallies  follow- 
ing have  been  prepared  :  Tables  I.,  II.,  and  III.  give  the  entire 
results  of  the  friction-loss  tests  ;  Tables  IV.  and  Y.  the  dis- 
charging capacity  of  open  butts  for  the  range  of  pressures 
covered  by  the  tests.  These  tables  were  filled  out  by  readings 
directly  from  the  curves,  Plates  I.  to  XXV.,  inclusive. 

To  further  aid  in  making  comparisons  and  to  put  the  whole 
friction-loss  data  into  shape  to  appeal  quickly  to  the  eye,  the 
pyramid  diagrams  Figs.  206,  207,  and  208  have  been  prepared. 
The  points  selected  for  these  diagrams  correspond  to  one  or 
more  standard  fire  streams;  that  is,  250  gallons  per  minute 
through  each  line  of  24-inch  fire  hose. 

The  open-butt  tables  are  of  value  in  testing  water-works 
systems  to  determine  their  capacities  at  useful  pressures  where 
lack  of  either  time  or  facilities  prevents  using  more  accurate 
apparatus.  In  such  cases  the  open  butt  gives  quickly  and  inex- 
pensively fairly  accurate  results  for  this  kind  of  work.  Differ- 
ences in  design  and  construction  of  the  outlet  materially  affect 
the  discharge,  but  a  s'.udy  of  the  tables,  together  with  the  cuts 
of  the  hydrants,  will  enable  one  to  apply  intelligent  corrections 
for  outlets  differing  from  any  here  tested. 

In  practice  the  gauge  would  often  be  connected  into  a  tapped 
hole  in  a  hydrant  cap,  and  the  cap  screwed  to  one  of  the  other 
outlets  of  the  hydrant  if  it  had  more  than  one.  This  in  all 
ordinary  cases  would  give  the  same  result  as  a  connection  tapped 
into  the  back  of  the  hydrant,  as  was  the  case  in  most  of  the  tests. 
The  few  tests  in  which  the  gauge  was  connected,  first  one  way 
and  then  the  other,  show  practically  no  difference  in  the  result 
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TABLE   III. 


Hydrant  Friction  Losses — Three  to  Six  Streams  Flowing. 


Name  of 
Hydrant  and 
Gallons  per 
Minute  Flow- 
ing. 


Gallons  per  Min. 

Chapman  3-\vay 
"         4-way 

Holyoke  4-way  . 
"        6-way  . 

Mathews  4-way  . 


Gallons  per  Min. 

Chapman  4-way 
Holyoke  4-way   . 
"        6-way  . 
Mathews  4-way  . 


Gallons  per  Min. 

Holyoke  6-way . . 
"        6-way.. 


02 -r 


Friction  Loss  in  Pounds  with  Various  Rates  of  Flow. 


M 


0.60 
0.25 
0.35 
0.12 
0.47 


500 

0.7011.30 
0.700.95 
0.600.95 
0.3510.47 
0.73  1.20 


0.36 
0.49 
0.16 
0.68 


600 

0.97 
0.76 
0.50 
0.84 


1.33 
1.25 
0.(>(> 
1.52 


1,100 

0.46  0.981.44 
0.46  0.61  1.07 


13 

6 

N 
C 

o 
Eh 

600 

0.87 

1.01 

1.88 

0.36 

1.05 

1.41 

0.49 

0.92 

1.41 

0.16 

0.50 

0.66 

0.68 

1.07 

1.75 

700 

0.40 

1.34 

1.83 

0.67 

1.04 

1.71 

0.21 

0.69 

0.90 

0.91 

1.16 

2.07 

1,200 

0.54  1.21 

1.75 

0.54 

0.71 

1.25 

pq 


700 

1.4212.60 
1.4611.95 
1.38  1.95 

0.210.69  0.90 
0.91  1.49!2.40 


1.18 
0.49 
0.67 


0.64 

0.88 
0.26 
1.19 


800 

1.76 
1.38 
0.92 
1.53 


2.4() 
2.26 
1.18 

2.72 


1,300 

0.63  1.47  2.10 
0.63  0.85  1.48 


1.56 
0.64 

0.88 
0.26 
1.19 


800 

1.8913.45 
1.96  2.60 
1.72 12.60 
0.92|1.18 
1.97|3.16 


0.80 
1.11 
0.32 
1.49 


900 

2.25 
1.75 
1.21 
2.04 


3.05 
2.86 
1.53 
3.45 


1,400 

0.75 

0.75  1.0011.75 


2.00 
0.80 
1.11 
0.32 
1.49 


900 

2.40 
2.51 
2.20 
1.21 
2.51 


4.40 
3.31 
3.31 
1.53 
4.00 


1,000 


0.96 
1.35 
0.38 
1.81 


2.84 
2.20 
1.57 


3.80 
3.55 
1.95 
4.32 


1,500 

0.91     . 

0.91  1.14  2.05 
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"^  Newcomb 

Fig.  209. 


TABLE   IV. 
Discharge  of  One  Open  Hydrant  Butt. 

These  figures  apply  only  approximately  to  liydrants  in  general,  because 
slight  variations  in  construction,  even  in  hydrants  from  the  same  shop, 
considerably  affect  the  discharge  from  the  open  butt.  The  cuts  of  hy- 
drants will  suggest  corrections,  so  that  with  good  judgment  results  accu- 
rate within  from  10  to  20  per  cent,  may,  in  general,  be  obtained. 


Name  op  Hydrant. 


Beaumont     

Cliapman  No.  1 

"    2 

"    3 

Chapman  3- way 

"         4-way 

Coffin  Gate 

"      Compression 

Corey  5-in 

Glamorgan  4-in 

Holvoke  Gate,  4-in.  bbl  . 
"      6i-in.  bbl. 

Holyoke  Compr'n  No.  1.. 

Gate,  6- way 

Ludlow 

Mathews  5-in  

Mathews  4-way 

Pratt  &  Cadv 


Discharge  through  one  Open  Butt  of  Hydrant  without 
Hose  Attached.  (Diameter  of  Outlet  Exactly  2^  Inches.) 
Gallons  per  Minute. 


Hydrant  Pressure  indicated  while  Stream  is  Flowing,  by  Gauge 
attached  to  Hydrant  as  shown.*    Pounds  per  Square  Inch. 


10 


426 
440 
547 
552 

371 
363 
497 
501 

520 
449 
500 
545 

512 
473 
533 
576 

465 
533 


15 

20 

25 

30 

526 

608 

678 

743 

541 

6-^7 

700 

762 

667 

765 

853 

938 

678 

776 

861 

928 

458 

531 

593 

648 

444 

513 

573 

630 

607 

701 

780 

850 

612 

709 

790 

860 

640 

737 

820 

893 

550 

636 

709 

773 

612 

703 

783 

857 

663 

760 

844 

921 

628 

723 

804 

876 

579 

668 

743 

805 

653 

752 

836 

912 

712 

815 

903 

984 

565 

633 

683 

724 

653 

752 

836 

912 

35 


799 

818 

1,020 

986 

701 
680 
913 
924 

962 

831 
927 
992 

942 
860 
982 


762 

982 


40 


45 


852 

872 
1,098 
1,034 

748 
725 
974 
985 

1,025 
886 
994 

1,048 

1,003 

908 

1,049 


796 
1,049 


1,077 

792 

767 


1,058 


954 


827 


50 


834 
8U6 


997 


857 


*  Pressure  can  be  equally  well  measured  by  tap  at  back  of  barrel  opposite  outlets. 
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TABLE   V. 

DlSCHAKOE  OF   TWO   AND   THREE   OPEN    IIyDRANT    BuTTP. 

These  figures  apply  only  approximately  to  hydrantw  in  general,  because 
slight  variations  in  construction,  even  in  hydrants  from  the  same  shop, 
considerably  affect  the  discharge  from  the  open  butt.  The  cuts  of  hy- 
drants will  suggest  corrections,  so  that  with  good  judgment  results  accu- 
rate within  from  10  to  20  per  cent,  may,  in  general,  be  obtained. 


Name  of  Hydrant. 


Beaumont 

Chapmau  No.  1 . . 

"    2 

O. 

Chapman  8-way 

"         4  way 

Coffin  Gate 

Corey  4-in 

Corey  5-in 

Glamorgan  4-in 

Holyoke  Gate,  4-in.  bbl.  .  . . 
"      61-in.  bbl... 

Holyoke  Compression  No.  1 

'*        Gate,  6-way 

Ludlow 

Mathews  5-in 

Mathews  4-way 

Holyoke  Gate,  6-way , 

Mathews  4-way 


Discharge  through  Open  Butts  of  Hydrant  "with- 
out Hose  Attached.  (Diameter  of  Outlet  Ex- 
actly 2^^  Inches.)    Gallons  per  Minute. 


Hydrant  Pressure  indicated  while  Stream  is  Flowing, 
by  Gauge  attached  to  Hydrant  Barrel  as  shown.* 
Pounds  per  Square  Inch. 


10 


992 
940 


904 
827 
974 
997 

876 

868 

904 

1,170 

1,091 
894 
985 

1,125 

1,051 
942 

1,008 
1,091 

890 

1,388 
1,304 


20 


2.'5 


1,158 
1,020 
1,197 
1,252 

1,074 
1,068 
1,158 


1,322 

1,082 
1,202 
1,368 

1,278 
1,152 
1,200 
1,322 

1,089 


1,596 


1,827 
1,178 
1,377 
1,448 

1,223 
1,212 
1,327 


1,248 


1,326 
1,364 


1,238 


1,329 


1,460 


1,341 


*  Pressure  can  be  equally  well  measured  by  tap  at  back  of  barrel  opposite  outlets. 
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DTRCURRION   OF   "RESULTS. 

Tlio  (lata  and  rosiiltM  l)einf5  ^^reseuted  in  full  give  ample 
chances  for  complete  studies.  Under  these  conditions  detailed 
comparisons  of  the  different  hydrants  have  not  been  considered 
necessary  or  wholly  dosiral)le.  A  few  general  features  may, 
liowever,  be  considered  to  advantage. 

Barrel  Loss. — The  best  point  of  comparison  for  the  two-way 
hydrants  is  Avith  two  hose  outlets  in  use  and  500  gallons  per 
minute  flowing,  as  this  represents  the  full  normal  capacity  of 
the  hydrant.  Similar  full-capacity  points  should  be  taken  in 
comparing  the  larger  hydrants. 

To  make  clear  the  composition  of  the  so-called  barrel  loss, 
the  following  table  has  been  made  and  shows  about  how  much 
of  this  loss  occurs  in  the  barrels  proper.  The  figures  show  at 
once  that  a  large  part  of  the  loss  must  be  in  the  gate,  and  the 
sharp  turn  just  beyond  it,  thus  suggesting  where  to  look  for  ex- 
planation for  part  of  the  large  difference  found.  The  distance 
from  the  centre  of  the  main  gate  to  the  centre  of  the  nozzles  is 
on  the  average  hydrant  about  6^  feet.  The  following  table  gives 
approximately  the  friction  loss  in  6J  feet  of  clean,  straight  cyl- 
indrical pipe  of  about  the  same  smoothness  as  the  inside  of  the 
average  hydrant  barrel. 


Friction  Loss  in  (i  Feet.    Pounds  per  Square  Inch. 

Nominal  Diameter 
of  Pipe  (Inches). 

Gallons  per  Minute  Flowinj^. 

250 

500 

750 

1,000 

4 

5 
6 

8 

0.11 
0.037 
0.012 
0.004 

0.41 
0.13 
0.059 
0.016 

0.62 
0.22 
0.098 
0.034 

1.54 
0.50 
0.21 
0.058       , 

This  table  was  made  up  from  tests  on  ordinary  new  clean 
wrought-iron  pipe,  with  25  per  cent,  added  to  the  wrought-iron 
pipe  figures  for  the  somewhat  greater  roughness  of  the  inside 
of  the  average  hydrant  casting.  The  25  per  cent,  was  an  as- 
sumption based  on  general  experience  with  pipes  of  various 
degrees  of  roughness. 

Comparing   on   the   pyramid  diagrams    hydrants   having   two 
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2i-incli  outlets,  the  difference  in  h.irrel  losses  is  seen  to  l)e 
largo.  It  is  at  once  apparent  that  the  4-incli  gate*  and  l)arrel 
are  too  small  fen*  a  two-stream  hydrant.  ^V  4-inch  barrel  and  a 
discharge  of  500  gallons  per  minnte  mean  a  velocity  of  about 
13  feet  per  second,  so  that  a  short  length  of  barrel  with  the 
smoothest  sort  of  a  turn  at  the  bottom  develops  an  unreason- 
able loss,  and  this  Ions  becomes  still  larger  with  the  ordinary 
gate  arrangement  and  sharp-turn  bend. 

Comparing  further  the  hydrants  which  have  about  the  same 
general  dimensions,  the  difference  in  loss  is  considerable.  This 
must  be  accounted  for  largely  by  differences  in  the  design  of 
the  gate  and  the  water  passages  in  the  immediate  vicinity. 
Sharp  corners,  restricted  sections,  and  sudden  changes  in  the 
area  of  the  passages  all  tend  to  produce  eddyings,  which  use  up 
pressure. 

JVozzIe  Loss. — As  already  stated,  the  nozzle  losses  are  pure 
friction  losses,  full  correction  for  velocity  having  been  made. 
To  compare  the  outlets  themselves,  looking  at  them  as  simple 
nozzles,  the  condition  with  one  stream  on  and  250  gallons  per 
minute  flowing  is  the  best  point.  Studying  the  losses  and  the 
cuts  together,  the  effect  of  sharp,  jagged  corners  at  the  outlets 
is  immediately  seen,  and  the  very  material  reduction  in  loss  by 
even  a  slight  rounding  of  the  outlet  is  apparent. 

Considering  the  hydrant  as  a  whole,  by  taking  the  conditions 
with  all  of  the  outlets  in  use,  it  is  seen  that  the  averasce  nozzle 
loss  when  all  are  in  use  is  generally  greater  than  with  a  single 
outlet  in  use.  Separate  tests  on  the  two  outlets  of  several  hy- 
drants showed  a  difference  in  loss  with  the  same  quantity  flow- 
ing. This  would  account  for  a  small  part  of  the  difference 
between  loss  with  one  outlet  in  use  and  with  all  outlets  in  use. 
Most  of  the  difference  is,  however,  undoubtedly  due  to  the  in- 
crease in  choking  and  eddying  effects  at  the  top  of  the  hydrant, 
with  the  higher  velocities.  A  part  of  this  is  due  to  reactions 
from  the  eddies  at  the  outlets  and  a  part  to  the  construction  of 
the  hydrant  head. 

The  somewhat  high  losses  with  the  Beaumont  hydrant,  con- 
sidering the  rounding  outlets,  is   probably  due   to  the  fact  that 

"It  was  desired  to  have  tests  on  some  4-incli-barrel  hydrants  to  make  the 
data  complete,  though  most  of  the  manufacturers  would  In  general  furnish 
larger  barrels  for  two  outlets.  The  4-inch  hydraut  is,  however,  occasionally 
used.    . 
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the  gauge  eonuection  was  necessarily  several  inches  helow  the 
outlet,  so  that  there  was  considerable^  length  ])etween  the  gauge 
connection  and  the  outlet,  in  which  length  some  ordinary  fric- 
tion loss  would  occur. 

Total  Losses. — The  total-loss  pyramid  shows  the  relative  ob- 
struction caused  by  the  different  hydrants  taken  as  a  whole. 
The  part  of  this  due  to  the  barrel  has  been  cross-hatched  and 
the  part  due  to  the  nozzle  left  white,  thus  showing  at  a  glance 
the  relation  of  the  two  factors  making  up  the  total  loss. 

It  is  desirable  that  the  waste  of  pressure  through  a  hydrant 
shoukl  be  as  small  as  it  is  practicable  to  make  it.  In  high- 
pressure  systems  the  losses  found  for  the  average  hydrants  are 
perhaps  tolerable,  but  in  lower-pressure  systems — and  many  sys- 
tems having  a  nominally  high  pressure  become  low  under  heavy 
draughts — every  avoidable  loss  is  objectionable.  In  the  hydrants 
without  independent  gates,  a  simple  rounding  of  the  corners  of 
the  core  at  the  outlet  will  make  a  material  improvement  in  the 
nozzle  losses.  Reduction  of  loss  for  independent  gate  hydrants 
is  more  difficult,  but  some  improvement  is  probably  possible 
without  serious  trouble.  The  fact  that  some  makers  have  found 
out  how  to  reduce  the  barrel  losses,  so  called,  to  comparatively 
small  amounts  is  good  working  ground  for  improvements  in 
those  hydrants  now  having  rather  large  losses. 

It  is  not  to  be  understood  that  this  friction  loss  is  the  cri- 
terion for  a  perfect  hydrant.  Certainty  of  action  under  all  con- 
ditions is  of  the  greatest  importance,  but,  other  things  being 
equal,  the  hydrant  having  the  smallest  total  friction  loss  when 
working  at  its  full  capacity  is  the  best. 

WATER-HAMMER   TESTS. 

To  get  some  measure  of  the  water-hammer  effect,  caused 
when  a  hydrant  is  quickly  shut  down,  the  following  apparatus 
was  devised  : 

An  indicator  was  attached  to  the  connection  in  the  6-inch 
hydrant  inlet  which  had  been  used  by  the  U-tubes.  The  drum 
of  this  indicator  was  operated  by  clockwork  in  the  manner 
shown  in  Fig.  210,  and  was  so  adjusted  as  to  revolve  once  in  from 
3J  to  4  minutes.  A  small  weight  and  cord  kept  the  pencil  in 
contact  with  the  paper  during  the  taking  of  a  card.  Fig.  159  also 
shows  the  rig  on  a  smaller  scale. 

Two  lines  of  hose  were  taken  from  the  hydrant  under  test  to 
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the  meter  nozzle,  and  tlie  liydrant  gate  opened  wide.     A  r-incli 
nozzle  was  used,  and  the  pressure  set  at  about  43  pounds  by 


Fig.  210.— Apparatus  for  Taking  Water^hammkr  Cai.'Ds. 
adjusting  the  gate  on  the  inlet  pipe  at  the  entrance  to  the  build- 
ing.    This  gave   a  discharge  of  approximately  GOO  gallons  per 
minute,  which  was  considered  a  fair  rate  of  flow  for  these  tests. 
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At  a  given  signal  the  in(li(;jitor  cock  was  opened,  the  clock- 
work set  in  motion,  and  tinu^  taken.  After  running  steadily  for 
about  one-fourth  of  a  minute,  the  hydrant  valve  was  quickly 
closed  ;  that  is,  it  was  closed  as  (quickly  as  an  active  man  could 
close  it,  using  an  ordinary  hydrant  wrench. 

As  soon  as  steady  conditions  were  restored,  the  valve  was  as 
quickly  opened  again.  This  was  repeated  two  to  thiee  times  dur- 
ing the  time  that  drum  of  indicator  was  in  motion.  Any  variation 
of  pressure  caused  hy  tliis  closing  or  opening  of  the  valve  was 
recorded  on  the  card.     The  time  occupied  in  closing,  and  also 
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*  Gate  went  hard  near  end  of  closing,  preventing  normal  water-hammer  action. 

Fig.  211. — Water-hammer  Cards. 


in  opening,  was  taken  by  a  stop-watch,  so  that  some  comparison 
can  be  made  between  the  treatment  given  any  one  hydrant  and 
another.  Sample  cards  from  the  various  tests  have  been  picked 
out,  grouped,  and  directly  reproduced  in  Fig.  211.  In  getting 
this  reproduction  the  delicate  lines  made  by  the  pencil  point  of 
the  indicator  were  carefully  gone  over  with  ink  so  as  to  get  a 
card  which  could  be  photographed. 

This  method  of  measuring  cannot  show  just  what  the  actual 
pounds  rise  of  pressure  in  any  particular  case  would  be,  as  this 
depends  on  the  arrangement  of  piping  supplying  the  hydrant, 
and  the  drafts  of  water  in  the  system  independent  of  the  hy- 
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drant  draft.  It  does,  however,  give  a  rough  means  of  compar- 
ing the  different  hydrants. 

The  cards  show  that  the  gate  hydrants  give  generally  con- 
siderably less  water-hammer  than  the  compression  type.^" 

It  was  stated  in  explanation  of  the  large  hammer  effects 
found  in  one  of  the  special  type  of  compression  hydrants  that 
firemen  demand  a  hydrant  which  will  give  the  full  pressure  at 
the  earliest  possible  moment,  so  that  a  quick  movement  was 
purposely  designed.  It  is  firmly  believed  that  in  the  long  run 
it  will  be  very  much  better  to  insure  the  safety  of  water  mains 
by  avoiding  heavy  water-hammer  effects  than  to  gain  a  few 
seconds  of  time  at  the  risk  of  crippling  the  distributing  system, 
very  likely  at  the  critical  point  of  a  fire. 

In  several  of  the  compression  hydrants  a  vibrating  effect  was 
noticed  during  the  opening  of  the  valve.  This  was  apparently 
due  to  a  chattering  of  the  valve,  and  produced  a  rather  undesir- 
able water-hammer,  as  it  had  the  effect  of  a  series  of  quick,  sharp 
blows. 

CONSTRUCTION,    STRENGTH,    ETC. 

Time  prevented  carrying  on  this  part  of  the  work  as  thoroughly 
as  was  desired,  so  that  only  partial  results  were  obtained  for 
some  of  the  hydrants,  while  on  most  of  them  a  considerably 
further  study  of  construction  and  general  features  would  have 
been  desirable.  What  data  were  obtained  is  shown  in  Table  YI., 
about  which  the  following  explanations  may  be  made  : 

Column  3. — The  inside  volume  of  the  hydrant  is  the  volume 
between  the  main  gate  and  the  caps  on  the  nozzles.  This  was 
obtained  by  filling  the  hydrant  completely  full  of  water  and 
computing  the  volume  from  the  weight  of  water. 

Column  4. — The  time  to  drain  the  hydrant  was  taken  from  the 
instant  the  main  gate  was  closed.  Facts  which  developed  as 
the  tests  progressed  from  the  ordinary  handling  of  the  hydrants 
tended  to  show  the  desirability  of  having  positive-motion  drip- 

*  The  comparatively  small  hammer  shown  by  the  Coffin  Compression  is 
probably  explained  by  the  special  double-beat  valve,  which  is  designed  to  give  a 
more  gradual  closing  than  is  ordinarily  obtained  with  the  compression  type  of 
gate. 

The  small  hammer  shown  by  the  Pratt  &  Cady  Compression  is  probably 
largely  due  to  the  fact  that,  when  near  the  point  of  closing,  the  stem  began  to 
go  hard,  preventing  a  quick  shutdown.  The  results  are,  therefore,  not  fairly 
comparable  with  the  otber  hydrants.  In  the  other  hydrants  the  force  required 
to  open  and  close  appeared  about  normal. 
36 
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valve's.  Two  of  tlio  hydrants  had  not  positive  drips,  and  in 
both  of  these  the  drips  got  out  of  order  and  failed  to  close  when 
the  main  valve  was  open.  The  importance  of  having  an  abso- 
lutely reliable  drip-valve,  so  as  to  reduce  the  chances  of  freez- 
ing to  a  minimum,  must  be  apparent  to  every  one. 

Columns  5  and  G. — The  hydrostatic  tests  were  made  with  an 
ordinary  high-pressure  hand  pump,  which  is  shown  at  one 
corner  of  the  room  in  Fig.  5.  The  aim  was  not  to  break  any- 
thing, but  to  see  how  the  hydrant  would  act  with  a  considerable 
increase  of  jjressure  above  the  normal.  Table  YI.  shows  the 
results  in  full. 

Column  7. — A  broken  or  twisted  valve  stem  is  not  an  un- 
common result  of  the  excitement  of  a  large  fire.  Sometimes  a 
hydrant  sticks,  or  a  mistake  is  made  in  the  direction  to  turn  for 
opening  or  closing.  Often  in  such  cases,  if  one  man  cannot  start 
the  hydrant,  two  or  more  men  take  hold.  In  this  connection  it 
is  somewhat  surprising  that  so  far  as  known  no  one  has  yet 
made  a  hydrant  which  is  not  liable  to  serious  damage  if  a 
forcible  attempt  is  made  to  turn  it  in  the  wrong  direction, 
either  opening  or  closing ;  something  accomplishing  what  the 
ratchet  on  a  stem-winding  watch  accomplishes  seems  possible 
and  greatly  preferable  to  the  simple  limit  of  breaking  strength. 
Such  a  device  might  also  give  the  fireman  immediate  evidence 
that  he  was  wrong,  thus  saving  time.  A  hydrant  cannot  be 
expected  to  stand  unlimited  abuse,  but  to  get  some  idea  of  the 
ability  of  the  hydrants  to  withstand  such  usage  the  following 
tests  were  made  :  Two  ordinary  men  w^ere  instructed  to  open 
each  hydrant,  using  the  regular  hydrant  wrench,  which  is  17 
inches  long,  exerting  their  maximum  strength  in  an  effort  to 
open  the  hydrant  beyond  its  natural  limit.  If  no  injury  resulted 
they  closed  the  hydrant,  exerting  again  their  maximum  strength 
after  the  hydrant  was  completely  shut. 

These  tests  therefore  took  the  strength  of  two  ordinary  men 
using  a  wrench  of  definite  length  as  the  measure  of  the  force 
applied.  It  is  not  exact  in  any  way,  but  gives  some  results 
which,  in  a  practical  way,  are  somewhat  useful. 

In  most  instances  some  injury  was  done  to  the  hydrant,  the 
stem  generally  being  the  point  to  give  way,  though  in  one  case 
the  bottom  of  a  hydrant  was  actually  pushed  out  by  attempting 
to  open  it  beyond  its  natural  limit. 

Durability  and  Bepair, — Time  did  not  give  a  chance  for  any 
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complete  tests  on  the  durability  of  the  working  parts  of  the 
hydrant,  but  starting  with  the  assurnjition  that  a  hydrant  might 
be  opened  on  an  average  ten  times  a  year,  and  should  be  good 
for  a  service  of  at  least  twenty  years,  each  hydrant  was  opened 
and  closed  200  times.  No  special  derangement  or  wear  resulted, 
except  in  two  cases,  in  which  the  stuffing-box  nut  on  top  of  the 
hydrants  showed  a  tendency  to  work  loose. 

In  a  number  of  the  hydrants  the  design  has  been  made  with 
the  idea  of  facilitating  repairs.  In  some  cases  this  resulted  in 
considerable  restriction  to  the  waterways.  It  is  believed  that 
in  most  cases,  by  keeping  the  desirability  of  free  waterways  in 
mind,  ability  to  make  quick  repairs  can  be  combined  with 
smooth,  free  waterways.  In  this  connection  the  friction-loss 
tests  will  be  of  value  in  showing  what  can  be  done  and  what 
should  be  avoided. 

METER   TESTS. 

As  previously  stated,  the  two  large  meters  used  in  the  open- 
butt  tests  were  calibrated  by  the  nozzles,  the  quantities  by  the 
nozzles  being  assumed  to  be  correct.  This  calibration  work  was 
done  in  connection  with  the  regular  tests,  but  has  been  tabulated 
independently,  and  the  data  in  full  are  given  in  Tables  YII.  and 
VIII.  From  these  data,  a  curve  was  plotted  for  each  meter  with 
nozzle  readings  for  one  coordinate,  and  meter  readings  for  the 
other  (see  Fig.  212).  From  this  curve  the  corrected  meter  read- 
ings were  taken  directly  in  working  up  the  open-butt  tests. 

The  arrangement  of  the  apparatus  gave  an  excellent  oppor- 
tunity to  determine  the  obstruction  to  the  flow  of  water ;  that  is, 
the  friction  loss  caused  by  the  meters.  As  this  may  become  an 
important  feature  where  handling  large  quantities  of  water,  and 
as  data  on  large  meters  with  high  rates  of  flow  are  not  very  com- 
plete, a  few  tests  were  made  to  determine  this  loss.  The  method 
of  testing  followed  was  similar  to  that  employed  in  the  series  of 
meter  tests  reported  by  Mr.  E.  V.  French  in  the  Journal  of  the 
New  England  Water- Works  Association.*  A  gauge  connection 
was  tapped  into  the  6-inch  pipe  at  each  side  of  the  meter  and  a 
short  distance  from  it,  the  connection  being  arranged  the  same 
as  those  at  the  inlet  pipe  of  the  hydrants.  Between  these  two 
connections  a  mercury  U-gauge  was  attached,  and  the  friction 

*"  Losses  of  Pressure  Caused  by  Meters  in   Factory  Fire  Snpphes,"  Journal 
of  the  New  England  Water- Works  Association,  Vol.  XXII.,  No.  2. 
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loss  caused  by  the  meter  with  various  rates  of  flow  was  read 
directly  from  this  gauge.  The  loss  in  the  short  lengths  of  the 
G-incli  pipe  between  the  gauge  connections  and  the  meter  is 
included  in  the  meter  loss,  as  it  was  too  small  to  be  of  practical 
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importance.  This  data  also  appear  in  full  in  Tables  YII.  and 
VIII.,  and  the  results  have  been  plotted  on  Fig.  213,  with  the 
gallons  per  minute  as  one  coordinate,  and  the-  losses  in  pressure 
in  pounds  as  the  other. 
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Tlie  question  is  somotimc^s  laised  as  to  wliat  would  happen  if 
the  moving  ])arts  of  a  meter  became  bhjcked,  an  accident  which 
may  happen  where  a  fish-trap  is  not  provided  with  the  meter, 
and  which  is  a  possibility  under  some  conditions  even  where  a 
fish -trap  is  used.  After  the  hydrant  tests  were  completed,  a  few 
experiments  in  this  line  were  made  with  the  Neptune  meter,  the 
owners  having  kindly  consented  that  any  sort  of  tests  should  be 
made  with  it,  regardless  of  the  results.  The  cover  was  removed 
and  wooden  Avedges  inserted,  so  as  to  hold  the  disc  in  various 
positions.     It  was  found  that  it  could  be  blocked  so  that  almost 
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CALIBRATION-TESTS  ON  6  IN,  WATER   METERS 
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no  water  could  go  through  it,  and  that  any  degree  of  obstruction 
between  this  and  a  free  opening  could  be  obtained.  With  the 
meter  blocked  in  various  positions,  full  water  pressure  was 
turned  on  behind  it,  to  see  if  anything  would  be  broken  or 
sprung  ;  and  when  in  the  position  where  practically  no  water  got 
through  the  meter,  the  pressure  warped  the  disc,  though  not 
enough  to  appreciably  increase  the  flow  of  water. 
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TABLE  VII. 
Tests  on  6-inch  Worthington  Water  Meteb, 


1 

O 

3 

4 

5 

6 

I 

8 

9 

10 

Test 
No. 

Date  of 
Test. 

Duration 

of 

Test. 

Diam. 

of 
Nozzle. 

Inches. 

Pressure 

at 
Nozzle. 

Corrected 
Pounds. 

Gallons 

per 
Minute 

by 
Nozzle. 

Total 

Cubic 

Feet  bv 

Meter. 

Gallons 

per 
Minute 

by 
Meter. 

ill 

»;    S   « 

m 

i!l 

Its 

■ 

m. 

c 

488 

Dec.  10, 1897 

11 

m 

4 

66.70 

135 

200 

135 

0 

489 

•  < 

11 

44^ 

H 

46.49 

255 

400 

255 

0 

1.29 

490 

t  ( 

11 

29 

H 

53.18 

340 

500 

326 

+  14 

2.22 

491 

<< 

10 

OH 

U 

24.14 

458 

600 

448 

+  10 

4.24 

492 

( ( 

10 

111 

0 

17.44 

518 

700 

514 

-r    4 

5.41 

493 

•< 

10 

24 

H 

64.60 

375 

500 

360 

15 

2.75 

494 

(( 

10 

42^ 

If 

30.34 

514 

700 

488 

26 

5.18 

495 

'( 

10 

08i 

i| 

44.63 

623 
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590 

33 

7.45 

496 

( < 

10 

553 

2 

33.84 

722 

1.000 

684 

38 

10.00 

497 

" 

10 

12^ 

n 

16.87 
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1.100 
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42 

13.80 
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<  t 

10 
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2i 
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981 

63 
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K 

11 

12 

1 
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0 

0.50 
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(< 

11 

52i 
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46.07 
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2 

1.31 

501 

Dec.  11,1897 

11 

38t 
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15 

2.32 
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•' 

13 
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i| 
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800 
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4.17 
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(( 

10 

m 
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512 
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11 

11 
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11 
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11 
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H 
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i 

2.29 
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<< 

10 

061 

If 

23.95 

457 
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4.18 

513 

<< 
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2 

18.36 

531 

700 

522 
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CURVES   AND   DATA  SHEETS. 

The  curves  and  data  sheets  for  all  tests  are  arranged  in  the 
order  given  below  : 

Plates  I.  to  XXII.  (Figs.  162  to  183,  inclusive).— Friction 
losses  in  the  barrels,  and  in  the  hydrant  as  a  whole,  with  various 
rates  of  flow. 

Plates  XXIII.  to  XXY.  (Figs.  184,  185  and  186).— Discharg- 
ing capacity  of  open  butts  for  varying  pressures  at  the  top  of  the 
hydrant  barrels. 

Data  Sheets  for  All  Tests. — These  sheets  give  the  fundamental 
data  of  the  tests  and  the  main  steps  of  the  computations.  The 
friction-loss  tests  are  arranged  in  alphabetical  order  in  ac- 
cordance with  the  names  of  the  hydrants  ;  the  open-butt  tests 
follow  and  are  arranged  in  order  of  test  numbers,  i.e.,  chrono- 
logically. 
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TABLE   VIII. 
Test  on  G-incii  Tkident  Water  Mkter. 


Charles  L.  Newcomb. 
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8 
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Durat'n 
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Diam. 

of 
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at 
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No. 
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Lbs. 
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Standard 
(6-8). 
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2 
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If 
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1.53 
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2 

02^ 

If 
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2.21 
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" 

2 

02 

2 

33.56 

720 

200 

727 

i 

3.23 
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2 
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2J 
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-  16 

4.30 
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..            14             44 

2 

05 

2 
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160 
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1.88 

895 

14             44               44 

2 

05^ 

2 

34.74 

731 
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-  14 

3.46 
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2 

05g 

2i 

17.85 
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2 
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2i 

22.65 

982 

270 

1,001 

-  19 

6.18 
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2 
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7.49 
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10.90 

1,197 

June  21, 1898, 

3 

18s 

r 

65.31 

134 

60 

1:36 

-    2 

0.14 

1,198 

bb              fc 

3 

09i 

u 

47,16 

258 

110 

260 

-    2 

0.:32 

1,199 

ib           ki 

3 

053 

li 

51.51 

334 

140 

3:38 

-     4 
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0.68 
1.29 
1.97 
2.61 
4.13 

X 

•|(?i)-(<;i)l-(6i 

•IMtrP'^II  J'xlo.H'? 
u^pauuo.)   a8nBf) 
OJ  J.zaicl  /,9  luoj^ 

lbs. 
0.05 
0.18 
0.33 
0.64 
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TABULATED  RESULTS   OF  OFEN-BUTT  TESTS. 
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DCCCXIL* 

THE  MANUFACTURE   OF  CAR    WHEELS, 

BY  G.  R.  HENDERSON,  SCHENECTADY,  N.  Y. 

(Member  of  the  Society.) 

Like  other  branches  of  mechanical  industry,  the  manufacture 
of  chilled  iron  car  wheels  has  been  a  gradually  progressing  sci- 
ence. Fifteen  years  ago  it  was  customary  to  purchase  and 
supply  wheels  to  railroads  on  a  mileage  guarantee,  the  6nly 
restrictions  as  to  quality  being  the  depth  of  chill  and  the  size, 
shape,  and  weight  of  the  wheel. 

Certain  mixtures  were  used  by  the  founder  which  were  known 
by  experience  to  produce  a  given  chill,  and  this  and  the  color  of 
the  fracture,  with  perhaps  the  mileage  records,  were  his  guides 
in  continuing  his  work.  Chemical  analyses  of  the  pig  iron  and 
the  finished  output  were  considered  unnecessary,  if  at  all  con- 
templated, and  the  irons,  both  coke  and  charcoal,  were  bought 
by  fracture  and  chill.  Some  founders  used  a  certain  percentage 
of  steel  scrap,  but  this  never  became,  as  far  as  the  writer  knows, 
common  practice. 

Now  all  this  is  changed ;  the  progressive  wheelmaker  buys 
his  irons  on  specifications,  and  checks  them  by  chemical  analy- 
sis, and  every  heat  is  tested  physically  and  chemically.  Kec- 
ords  are  kept  of  the  strength  and  resilience  of  the  various  irons 
on  the  market,  and  of  the  manner  in  which  his  wheels  fail,  and 
as  many  as  possible  of  these  are  examined  in  order  to  avoid 
duplicating  unsatisfactory  products. 

The  actual  shape  of  the  wheel  has  undergone  little  change 
from  the  original  Washburn  section,  except  in  the  matter  of  size 
and  weight,  but  we  have  every  reason  to  believe  that  the  older 
wheels  cannot  be  compared  with  modern  wheels  in  strength  or 
endurance.  A  seeming  inconsistency  may  be  occasioned  by  a 
long  life  of  old  wheels,  but  it  must  be  remembered  that  no  such 

*  Presented  at  the  VVasliingiou  meeting  (May,  1891))  of  the  American  Society 
of  Mechanical  Engineers,  and  forniiiig  part  of  Volume  XX.  of  the  Transactions. 
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wei^lit  was  then  carried  na  is  now  tlie  practices,  wliere  every 
effort  is  made  in  the  interest  of  (economical  train  movement. 

Having  been  requested  to  speak  on  this  subject,  I  will  there- 
fore endeavor  to  present  scjme  points  about  the  manufacture  of 
wheels  which  have  come  under  my  observation  and  which  may 
at  least  lead  to  a  discussion  of  this  interesting  question,  to  the 
mutual  benefit  of  the  members  and  the  writer. 

About  the  time  when  the  drop  test  was  first  introduced  the 
writer  was  assistant  superintendent  of  a  railroad  shop  which 
contained  a  foundry  making  100  wheels  per  day.  The  intro- 
duction of  this  test,  and  the  failure  of  a  number  of  wheels  in 
service  about  that  time,  caused  him  to  make  efforts  to  secure 
a  stronger  casting.  Each  day  test  bars  were  made  along  with 
the  wheels,  and  these  were  subjected  to  transverse  test,  and  a 
graphical  record  kept  of  the  same,  as  shown  by  Fig.  No.  214. 
The  bars  for  this  purpose  were  2  inches  square  by  24  inches 
long,  and  were  placed  on  supports  21 J  inches  apart,  and  a  centre 
load  applied.  As  one-half  the  bars  were  chilled,  it  was  con- 
sidered that  a  2-inch  bar  was  a  proper  size  to  illustrate  the 
chilling  qualities,  without  becoming  white  through  and  through, 
and  the  span  was  fixed  at  21 1  inches,  so  that  when  the  proper 
deductions  were  made  for  the  span  and  modulus  of  section  the 
corresponding  direct  stress  was  exactly  four  times  the  centre 
load,  thus  facilitating  the  preparation  of  the  form  for  recording 
the  tests. 

The  bars  of  wheel  iron  so  tested  should  stand  a  centre  load 
of  from  12,000  to  14,000  pounds  before  breaking,  this  corre- 
sponding to  a  maximum  fibre  strain  of  48,000  to  56,000  pounds 
per  square  inch.  The  deflection  at  the  moment  of  breaking  is 
also  of  great  importance,  and  there  are  wide  differences  between 
various  irons  in  this  respect.  While  the  strength  of  the  metal 
indicates  a  power  to  stand  pressure,  we  need  the  resilience  to 
withstand  shocks.  A  ready  means  of  comparing  the  relative 
resilience  of  different  irons  is  derived  from  the  curve  shown  in 
Fig.  214.  As  the  ordinates  represent  loads  and  the  abscissae  de- 
flections, the  area  bounded  by  the  axis  of  abscissae,  the  ordinate 
passing  through  the  final  point  of  the  curve  {i.e,  the  ordinate 
corresponding  to  the  final  deflection),  and  the  curve  itself  will 
represent  the  work  done  or  absorbed  by  the  test  bar  up  to  the 
breaking  point ;  and  for  quick  comparisons  the  small  rectangles 
into  which  the    sheet  is   divided    may  be   counted  within  the 


{ 


Transactions  American  Society  of  MEcnANiCAL  Engineers.    Vol.   .\x. 


G.   R.   Henderson. 
Fir.,  au. 
Norfolk  and  Western  Railway  Company. 

MOTIVE  POWER  DEPARTMENT. 


TRANSVERSE  TEST  OF  CAST-IRON  BARS. 


UNCHILLED. 


sacoo 

14000 

S6000 

28010 

JMOO 

ItOOO 

laooo 

KKO 

, 

^ 

^ 

^ 

/ 

/ 

am 

70OO 

eooo 

mt 

soto 

icno 

/ 

/ 

, 

/ 

/ 

/ 

/ 

/ 

/ 

- 

/ 

r\ 

2.99 

i 

/ 

r 

On 

nh. 

:.t 

i 

/ 

H 

% 

/ 

f- 

M 

15 

% 

/ 

A 

- 

- 

/ 

■ 

I 

=;™ 

"«m?S 

~ 

so   30    10 

X 

<|    70    BO    »   100  no  I»  130  110  150  160  ITO  ISO 

sosoosio 

IchS 

ISoTM 

„      1        1^.     1        1..     1        Ix.     1        IX.     1 

'k.    1 

I 


ROANOKE,  VA.,  DEC.  23,  1898. 

DATA. 
SIZE  or  BAR,  2  »  2  INCHES.  SPAN,  2li  INCHES. 

SHRINKAGE  IN  I  FOOT,  i  IN.       FRACTURE,  CRAY. 
DEPTH  OF  CHILL,  I  INCH.  DATE  OF  CAST,  11-22.98. 
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boundaries  above  mentioned.  Good  wheel  iron  will  give  curves 
with  an  included  area  of  from  150  to  200  of  the  small  rectangles, 
and  a  total  deflection  of  0.2  inch  at  centre.  Of  course  these 
comparisons  can  only  be  made  with  bars  of  the  same  size  and 
under  the  same  conditions. 

This  same  treatment  has  been  accorded  to  unmixed  pig  iron 
of  the  various  grades  suitable  for  wheel  founding,  the  pig  being 
melted  separately  in  a  small  experimental  cupola,  and  from 
these  records  the  wheel  founder  makes  his  selections.  Tne 
curves  present  to  the  eye  a  meaning  easier  to  grasp  than  mere 
figures,  and  wlien  bound  together  in  a  book  comparisons  can  be 
quickly  and  accurately  made.  The  amount  of  chill  and  shrink- 
age is  also  noted,  together  with  the  color  of  fracture  and  the 
chemical  analysis  of  the  iron. 

As  the  composition  of  different  shipments  of  iron  from  the 
same  furnace  will  vary  greatly,  it  naturally  follows  that  the 
strength  and  chilling  properties  are  not  always  the  same. 

It  happened  not  long  ago  that  a  certain  iron,  which  had  pre- 
viously given  good  results,  became  almost  unfit  for  use,  princi- 
pally by  reason  of  a  great  decrease  in  the  amount  of  manganese. 
At  one  time  this  would  probably  not  have  been  considered  of 
such  vital  importance,  but  the  fact  has  recently  been  well  estab- 
lished that  a  certain  amount  of  manganese  is  necessary  in  order 
that  a  wheel  shall  successfully  stand  the  thermal  test ;  it  also 
seems  to  increase  its  strength  under  the  drop  test. 

We  have  now  seen  that  the  wheel  founder  of  the  present  day 
has  the  results  of  chemical  analysis  and  physical  tests  of 
the  unmixed  iron  and  also  of  the  mixture,  as  well  as  the  results 
of  the  drop  and  thermal  tests,  to  guide  him  in  his  work.  The 
tests  of  to-day's  heat  are  carefully  studied  by  him  in  order  that 
any  defects  may  be  corrected  to-morrow.  For  this  reason  it  is 
important  that  the  analysis  and  deflection  test  should  be  placed 
in  his  hands  early. 

The  drop  and  thermal  tests  cannot  be  made  until  the  wheels  are 
taken  out  of  the  annealing  pits,  a  period  of  from  five  to  eight  days. 

But  this  is  not  alL  These  tests  are  intended  to  show  us 
quickly  what  kind  of  service  we  may  expect  from  our  wheels 
when  under  the  cars,  and  the  records  of  the  life  and  failure  of 
wheels  in  service  are  of  the  utmost  importance.  The  actual 
mileage  of  a  wheel  under  a  freight  car  is  a  difficult  thing  to 
obtain ;  tliat  is,  it  requires  considerable  labor,  especially  when 
40  '  ' 
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the  number  of  wheels  in  use  runs  up  into  the  hundred  thou- 
sands. For  this  reason  the  life  of  wheels  is  often  kept  by 
months;  and  while  this  does  not  take  into  consideration  the  time 
spent  in  the  repair  yard  or  on  the  side  track,  it  has  the  ad- 
vanta<jje  of  being  very  easily  obtained. 

As  new  wheels  are  made,  the  foreman  of  the  foundry  makes  a 
daily  report,  giving  the  whe;.l  numbers  and  the  mixture  used. 
The  former  are  entered  in  a  book  which  contains  the  serial 
wheel  numbers,  and  the  latter  are  entered  in  another  book 
which  later  has  the  result  of  the  drop  and  thermal  tests  recorded, 
as  well  as  the  depth  of  chill,  shrinkage,  etc.  When  the  wheels 
are  mounted  on  the  axles  a  report  is  made  weekly  of  the 
numbers  and  place  at  which  this  work  was  done,  and  this  is 
entered  in  the  book  with  serial  numbers.  Each  week  a  report 
is  also  made  from  each  point  at  which  wheels  are  scrapped, 
giving  the  number  and  the  cause;  and  when  these  are  also 
entered,  we  have  a  complete  record  of  dates  and  places  of  the 
"  birth,  marriage,  and  death"  of  each  wheel. 

This  record  is  a  most  interesting  one,  as  it  gives  the  service 
which  the  wheels  perform.  Samples  of  the  several  forms 
referred  to,  both  for  making  the  reports  and  recording  the  in- 
formation, are  presented  further  on. 

In  looking  over  such  a  record  it  is  at  once  apparent  that  a 
large  number  of  wheels  are  always  damaged  by  improper  han- 
dling or  usage.  The  proportion  of  slld-jlat  wheels  has  been  very 
large  heretofore  ;  we  hope  that  the  more  general  use  of  air 
brakes  will  effect  an  improvement  in  this  line.  Chipped  flanges 
and  worn  flanges  are  also  not  generally  chargeable  to  the  wheels 
themselves. 

What  most  interest  the  founder  are  those  which  are  scrapped 
for  cracked  plates,  cracked  brackets,  and  hroken-to-pieceSj  as  these 
show  improper  manufacture  in  the  majority  of  cases.  As  the 
Master  Car  Builders'  regular  guarantee  is  for  forty-eight  months, 
all  wheels  which  run  over  five  years  may  be  considered  as  giv- 
ing good  service;  and  if  these  wheels  can  be  obtained,  the  study 
of  their  analysis  is  very  beneficial.  Therefore,  wheels  giving  a 
very  short  service  or  a  very  long  one  should  be  carefully  in- 
spected and  analyzed,  as  they  will  show  the  bad  and  good 
features  in  a  much  more  forcible  way  than  drop  or  thermal 
tests.  Mr.  W.  W.  Davis,  chemist  of  the  Korfolk  k  Western 
Railway,  who  with  the  writer  has  gi^^en  much  attention  to  this 
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subject,  analyzed  a  large  number  of  wlieels  giving  a  long  or 
short  service  or  tested  by  the  drop  or  thermal  methods,  and  we 
present  the  results  of  some  of  his  work  : 


Graphite 

Combined  carbon 

Silicon 

Manganese 

Sulphur 

Phosphorus 


Analyses  of  Caii  Wheels. 


Which  Stood    Ther- 
mal  Test  for  60  Mins. 


Max. 

3.28 
.95 
.75 
.53 

.088 
.48 


Min. 

2.65 
.32 
.50 
.20 
.055 
.35 


Which  Stood  40  or 

More  Blows  Drop 

Test. 


Max. 

3.31 
.90 
.70 
.46 
.086 
.52 


Mill. 

2.65 
.55 
.50 
.24 
.040 
.36 


Which  Gave  5  or 

More  Years  of 

Service. 


Max. 

3.18 

1.24 

.94 

.34 

.085 
.49 


Min. 

2.23 
.56 

.58 
.13 
.047 
.25 


It  will  be  seen  that  these  limits  are  rather  wide,  but  below  are 
given  what  are  considered  to  be  the  desirable  limits  for  the 
chemical  constituents  of  wheels  : 


Desirable  Wheel  Analysis. 

Graphite. 2.75  per  cent,  to  3.00  per  cent. 

Combined  carbon 50      '  *         "        .75 

Silicon 50      "         ''        .70 

Manganese 30       "         "        .50 

Sulphur 05       "         "        .07 

Phosphorus 35      "         "        .45 

By  comparing  the  above  with  the  analyses  of  a  large  number 
of  wheels  it  was  found  that  these  limits  excluded  those  which 
broke  through  rim  in  ten  minutes  or  less  under  the  thermal  test ; 
broke  with  twenty  blows  or  less  under  the  drop  test ;  or  gave  less 
than  two  years'  service.  This  last  is  important,  as  a  wheel  can 
easily  be  made  to  stand  strains,  but  the  wear  will  be  unsatis- 
factory, and  the  metal  must  have  enough  chill  to  stand  the 
abrasion  of  the  track.  It  is  possible  to  obtain  a  chill  three- 
quarters  of  an  inch  deep  on  the  tread  with  these  ^proportions. 

The  analyses  of  seven  wheels  which  had  given  from  eight  to 
eleven  years  service  each  had  the  following  limits  : 

Graphite 2.56  per  cent,  to  3.10  per  cent. 

Combined  carbon 63      "         "      1.01         *' 

Silicon 58      "         "        .68 

Manganese 15      "         "        .27         " 

Sulphur 05      "         "        .08 

Phosphorus 25      '♦        ♦'        .45        *• 
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Fig.  210  sliows  tlie  comparison  between  chemical  analyses  of 
pig  iron  and  of  tlie  test  bar  made  by  remelting  the  pig  in  a 
cupola  by  itself.     Twenty-seven  different  irons  were  examined 
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Fig.  216. 


in  this  way.  The  solid  line  represents  the  analysis  of  the  pig 
and  the  broken  line  that  of  the  test  bar.  It  will  be  seen  that 
phosphorus  remains  constant,  as  does  silicon  when  present  in 
quantities  under  one  per  cent.,  whereas  some  of  the  manganese 
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always  disappears.  The  total  carbon  remains  the  same,  but  the 
proportions  of  graphitic  and  combined  carbon  seem  to  vary  in 
an  erratic  manner.  This  is  evidently  due  to  the  effect  of  the 
chill,  as  the  analyses  were  made  from  the  chilled  test  bars  whfen 
possible,  and  the  great  increase  in  combined  carbon  in  tests 
Nos.  11,  12,  and  22  may  be  accounted  for  by  the  fact  that  they 
chilled  clear  through  the  two  inches. 

From  the  above  it  will  appear  that  the  metal  charged  into  the 
cupola  should  contain  more  graphite,  silicon,  and  manganese  and 
less  combined  carbon  than  are  desired  in  the  finished  product. 

If  the  iron  in  stock  is  deficient  in  manganese,  the  proper 
amount  can  easily  be  added  to  the  mixture  in  the  ladle  by  the 
use  of  ferro-manganese  containing  about  80  per  cent,  manga- 
nese, 13  per  cent,  iron,  and  6  per  cent,  carbon  (combined).  The 
use  of  large  proportions  of  scrap  makes  this  particularly  useful, 
and  it  is  of  great  assistance  in  enabling  the  wheel  to  stand  the 
thermal  test  and  consequently  the  strains  from  severe  braking 
when  in  service. 

Indeed,  cracked  plates  are  almost  a  thing  of  the  past  with 
foundries  keeping  the  manganese  up  to  the  limits  prescribed 
above,  where  previously  much  trouble  was  due  to  that  cause. 
To  overcome  this  it  appears  that  one-quarter  of  one  per  cent, 
should  be  present  in  the  wheel.  Ferro-manganese,  however, 
seems  to  reduce  the  chill  by  increasing  the  graphitic  carbon,  as 
Fig.  217  will  show,  and  this  must  be  allowed  for  in  proportioning 
the  charge  for  the  cupola.  The  combine,;:!  carbon  is  partly 
changed  to  graphite,  but  not  entirely  in  proportion  to  the  amount 
of  ferro-manganese  used. 

The  experiments  from  which  results  Fig.  217  was  constructed 
were  made  by  filling  small  ladles  containing  different  propor- 
tions of  ferro-manganese  from  a  large  ladle  which  had  been 
filled  with  the  regular  wheel  mixture,  and  casting  test  bars  from 
these  small  ladles.  The  effect  of  this  is  plainly  illustrated 
both  in  altering  the  structure  of  the  iron  and  the  condition  of 
the  carbon  content. 

In  preparing  specifications  fox  charcoal  irons  the  difficulty 
of  obtaining  limits  which  should  be  perfectly  satisfactory  was 
not  underestimated.  It  is  therefore  hoped  that  these  will  be 
criticised  more  as  representing  an  effort  to  compass  a  compli- 
cated subject  than  as  an  absolute  specification  which  has  stood 
the  test  of  time. 
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Fig.  217. 
Charcoal  Pig  Iron. 

"  The  material  desired  under  this  specification  is  a  charcoal 
iron  with  chilling  properties  as  designated  below,  the  virions 
grades  to  conform  to  the  detail  specifications  : 


Grade 

Chill. 

G.   C. 

c.  c. 

Si. 

Mn. 

s. 

P. 

2 

\  inch 

2.50-3.00 

.40-  .90 

1.25-1.75 

.50-1.00 

.03  Max. 

.25-.  40 

3 

i    " 

2.25-2.75 

.50-1.03 

1.00-1.50 

.50-1.00 

.03      " 

.25-.  40 

4 

a.    << 

4 

2.00-2.50 

.7.')-1.25 

.75-1.25 

.50-1.00 

.035    '' 

.25-.  40 

5 

J        " 

1.75-2.25 

.90-1.40 

.50-1.00 

.25-  .75 

,035    " 

.25-.40 
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"  The  chill  is  to  be  measured  in  a  test  bar  2  inches  square  by 
24  inches  long,  the  chill  piece  to  be  so  placed  as  to  form  part 
of  one  side  of  the  mould.  The  actual  depth  of  white  iron  will 
be  measured.  The  white  and  gray  portions  should  blend  with- 
out a  definite  line  of  demarcation.  The  test  bars  will  be  made 
by  melting  in  a  small  cupola  several  pigs  of  the  shipment 
without  admixture  with  other  irons. 

"The  chemical  proportions  given  above  are  the  amounts' of 
the  constituents  desired  in  per  cents.,  and  will  be  determined  by 
the  analysis  of  mixed  borings  in  equal  quantities  taken  from  12 
pigs  from  each  car. 

"In  addition  to  the  chilled  test  bars  above  mentioned,  some 
unchilled  bars  of  the  same  size  will  also  be  made.  These  will 
be  placed  upon  supports  21|-  inches  apart.  A  centre  load  will 
be  applied  and  the  deflection  measured.  The  bar  should  not 
break  with  less  than  9,000  pounds,  and  the  deflection  at  centre 
with  this  load  should  not  be  less  than  0.15  inch." 

While  charcoal  iron  is  the  principal  ingredient  in  car  wheels, 
it  is  often  advantageous  to  use  a  small  amount  of  coke  iron,  and 
the  following  specification  is  therefore  submitted  : 


Coke  Pig  Iron, 

"The  material  desired  under  this  specification  is  an  open- 
grain  foundry  pig  conforming  to  and  graded  by  the  following 
detail  specifications  : 

Grade  No.  1,  Silicon  from  3.00  per  cent,  to  2.50  per  cent. 
"     2,       "  "     2.50       "  "  2.00 

"     u',       •'  "     2.00       "  "  1.50 

"     4,       "  "      1.50       "  "  1.00 

"  Iron  will  be  rejected  which  shows  : 

Combined  carbon  below 10  per  cent. 

Graphitic  carbon  below 3.00        " 

Manganese  below 50  per  cent,  or  above  .80  per  cent. 

Phosphorus  below 50        '«  "       ''       .80 

Sul  phur  above 06        " 

"  Should  the  silicon  vary  from  standard  grading,  the  next  low- 
est grade  under  the  specifications  will  be  paid  for,  and  should 
the  silicon  fall  two  grades  low  the  material  will  be  rejected. 
No  higher  grade  is  desired  and  no  excess  price  will  be  paid  for 
higher  silicon. 

"  Samples  of  twelve  pigs  will  be  taken  from  each  car,  two  from 
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the  top  of  each  end,  two  from  the   middle,  and  two  from  the 

bottom.     The  borings  will  be  mixed  in  equal  quantities  and  the 

resultant  sample  represent  the  shipment." 

Reference  liaving   been  made  to   the  drop  and  thermal  tests, 

it  may  be  well  to  conclude  this  paper  with  a  specification  for 

car  wheels,  which  will  give  the  details  of  these  tests  for  ready 

reference. 

33-inch  Cast-iron   Wheels. 

"  The  design  of  wheels  must  be  such  that  they  will  be  in  accord- 
ance with  the  measurements  shown  on  the  drawings  for  33-inch 
wheels,  and  also  such  that  the  wheels  when  cast  shall  weigh 
between  590  and  610  pounds.  The  tread  and  flange  are  to  be 
identical  with  the  M.  C.  B.  standard  section  for  same,  and  the 
flange  thickness  must  pass  the  M.  C.  B.  gauges  for  same. 

"  Wheels  must  all  be  cast  in  true  metallic  chills  of  the  same 
internal  diameter  and  of  uniform  cross- section.  The  body  of 
wheel  must  be  of  clean,  soft,  gray  iron,  and  smooth,  and  free  from 
slag  and  blowholes,  and  hubs  must  be  solid  and  free  from 
drawing.  The  tread  and  throat  of  wheel  must  be  smooth,  free 
from  deep  and  irregular  wrinkles,  slag,  and  sand-wash,  and 
practically  free  from  chill  cracks  and  sweat.  The  depth  of  clear 
white  iron  must  not  exceed  |  inch  at  throat  and  1  inch  at  mid- 
dle of  tread,  nor  be  less  than  |  inch  at  throat  and  ^  inch  at 
middle  of  tread.  Neither  should  there  be  a  variation  through- 
out the  same  wheel  of  more  than  J  inch  in  depth  of  chill.  The 
blending  of  the  white  iron  with  the  gray  iron  behind  it  must  be 
without  any  distinct  line  of  demarcation. 

"  Each  wheel  must  be  so  nearly  circular  that  when  a  true 
metallic  ring  is  placed  upon  the  tread,  and  bears  somewhere  on 
the  cone,  it  shall  at  no  part  of  the  circumference  stand  more 
than  yY  inch  from  the  wheel  tread.  No  wheel  made  in  a  solid 
chill  will  be  accepted  whose  circumference  diff'ers  more  than  If 
inches  or  less  than  |  inch  from  the  circumference  of  the  chill  in 
which  it  is  made.  Wheels  cast  in  contracting  chills  should  not 
differ  in  circumference  more  than  2  inches  from  that  of  the  chill. 

"All  wheels  must,  during  inspection,  receive  three  heavy  blows 
with  a  6-pound  sledge  at  as  many  different  points  under  the 
flange,  between  the  brackets,  without  cracking  flange  or  brackets. 

"  Each  wheel  must  also  be  capable  of  standing  a  pressure  of 
50  tons  when  being  mounted  on  the  axle. 

"  For  each  pouring  of  100  wheels,  or  fraction  thereof,  two  addi- 
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tional  wheels  must  be  furnished  for  test  purposes.  These 
wheels  shall  be  selected  by  the  inspector,  and  subjected  to  the 
following  test :  One  wheel  shall  be  placed  flange  downward  on 
an  anvil  block  weighing  not  less  than  1,700  pounds,  set  on 
rubble  masonry  two  feet  deep,  and  having  three  supports  not 
more  than  5  inches  wide  for  the  flange  of  Avheel  to  rest  upon ; 
it  shall  be  struck  centrally  upon  the  hub  by  a  weight  of  140 
pounds  falling  from  a  height  of  12  feet.  Should  this  wheel 
stand  15  blows  without  breaking  in  two  or  more  pieces,  the  lot 
of  100  may  be  accepted  (as  far  as  this  test  is  concerned),  pro- 
vided that  the  broken  wheel  shows  proper  depth  and  uniformity 
of  chill ;  also  subject  to  return  if  the  wheels  do  not  satisfactorily 
stand  boring  and  mounting,  as  explained  above.  Should  the 
wheel  break  in  two  or  more  pieces  with  fifteen  or  less  blows,  the 
lot  of  wheels  represented  by  the  one  tested  will  be  rejected. 

"  The  other  test  wheel  must  be  laid  flange  down  in  the  sand, 
and  a  channelway,  1^  inches  wide  and  4  inches  deep,  must  be 
moulded  with  green  sand  around  the  wheel.  The  clean  tread  of 
the  wheel  must  form  one  side  of  this  channelway,  and  the  clean 
flange  must  form  as  much  of  the  bottom  as  its  width  will  cover.- 
The  channelway  must  then  be  filled  to  the  top  with  molten 
cast  iron,  which  must  be  hot  enough  when  poured  so  that  the 
ring  which  is  formed  when  the  metal  is  cold  shall  be  solid  or 
free  from  wrinkles  or  layers.  The  time  when  pouring  ceases 
must  be  noted,  and  two  minutes  later  an  examination  of  the 
wheel  must  be  made. 

"  If  the  wheel  is  found  broken  in  pieces,  or  if  any  crack  in  the 
plate  extends  through  the  tread,  the  100  wheels  represented  by 
the  test  will  be  rejected. 

"  Wheels  may  be  dried  before  submitting  them  to  the  thermal 
test,  but  must  not  be  warmer  than  100  degrees  Fahr." 

Daily  Report  of  Wheels  Made. 

On 18 


Wheels  were  made  at , Foundry  as  follows  : 


Wheel  Numberei. 

Diameter. 

Kind  of  Chill. 

Mixture. 

Iron. 

No. 

Per  Cent. 

[Eleven  lines.] 

Wheels  Spoiled. 

_1 8  Foreman . 
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At. 


Number. 


llKroiiT  OF  Wheels  Mounted. 

_Sh()i)  (liiriii;:  llic  week  eluding  Saturday^ 


Number. 


Number. 


Number. 


Number. 


Number. 


Number. 


.18. 


Number. 


At 


[Si.xteen  lines.] 


Repokt  ov  VViikp:ls  Scrappkd. 

durinj!;  ihe  wcclv  cndinj;  Saturdav 


.18 


Wlu-el  No. 


Defect. 


Wheel  No. 


Defect. 


Wheel  No. 


Defect. 


[Fourteen  lines.] 


.18 


Classify  defect.^!  as  follows  :  Shelled  Out, 
Slid  Flat,  Seams,  Worn  Out,,  Worn  Flange, 
Worn  Hollow,  Burst,  ("hipped  Flange, 
Chipped  Rim.  Cracked  Tread,  Cracked 
Plate,  Cracked  Brackets,  Broken  to  Pieces. 


Wheel  Drop  Test  Report. 


Date  Cast. 


Wheel 
Number. 


Shrinkage. 

Depth  of  Chill. 

Blows  to 

Throat. 

Tread. 

Remarks. 

Max.      Mill. 

r-8".      3-8". 

Max. 
1". 

Min. 
i' ". 

Crack.   !  Enr.k. 

[Fourteen  lines.] 


.18 


.Foreman. 


Daily  Report  of  Thermal  Test  of  Wheels. 

On  .  1898,  wheels  were  tested  as  below  : 


Date  Cast. 


Wheel  No. 


Cracked. 


Bracket.    -     Plate 


Rim. 


Chill. 


Throat.        Tread 


Remarks. 


[Ten  lines.] 


Foreman. 


Wheel  Record. 


Wheel. 

Mounted. 

Scrapped. 

Months' 

No.   Diam. 

Chill 

Place  Cast. 

Date 

C;ist. 

,.            Week 
^'-         Ending. 

Place. 

Date. 

Defect. 

Service. 
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Wheel  Drop  Test  and  Mixture  Record. 


s 

1 

6 
to 

03 
"u 

Depth  of  Ch 

[LL. 

Blows  to 

Throat. 

Tread. 

Max. 
jin. 

Min. 
Sin. 

Max. 
1  in. 

Min. 
iin. 

Crack. 

Break. 

RemarkB. 


Mixture  by  Per  Cents. 


DISCUSSION. 

M?\  Fraiik  M.  Ashley. — I  do  not  find  in  this  paper  one  of  the 
things  Avhich  I  naturally  expected  concerning  the  method  used 
in  chillino^  the  surface  of  the  treads. 

The  practice  followed  by  Mr.  Geo.  AV.  Miltimore,  of  Arlington, 
Yt.,  interested  me  on  a  recent  visit.  He  places  two  wheels 
together,  with  their  faces  running  in  opposite  direction,  and  allows 
a  chill  to  follow  from  the  friction  generated  between  the  two 
surfaces.  A  fine  file  could  hardl\^  touch  the  wheel  after  it  came 
from  the  abrasion  treatment.  I  would  like  to  be  told  how  that 
work  is  done  by  other  manufacturers. 

31r.  Williaiu  Kent. — I  fear  that  this  paper  is  not  likely  to 
have  the  discussion  which  it  deserves,  because  it  happens  that 
there  are  few  present  here  well  enough  acquainted  with  the  sub- 
ject. I  wish  that  members  could  be  persuaded  to  send  in  writ- 
ten discussions,  and  that  this  subject  might  be  carried  over  for 
discussion  at  two  or  three  meetings.  I  believe  much  good  could 
come  from  a  topical  discussion  in  answer  to  the  question  "  What 
do  you  know  about  the  strength  of  car- wheel  irons?"  This 
paper  also  ought  to  interest  that  committee  of  the  American 
Foundrymen's  Association  who  are  investigating  this  subject.  I 
believe  our  o:reatest  advances  in  the  strenoj-th  of  iron  are  to  be 
found  by   ollowing  the  car- wheel  iron  practice. 

Mr.  George  B.  Henderson.^ — Regarding  the  method  of  chill- 
ing which  Mr.  Ashley  speaks  of,  I  will  say  that  this  is  novel  to 
me,  as  I  have  never  seen  an  operation  of  this  kind.  The  method 
of  chilling  wheels  both  by  solid  and  contracting  chill  has  been 
so  ipno:  in  use  in  wheel  foundries  that  I  hardlv  thougrht  it  neces- 
sary  to  go  into  this  detail  in  the  paper  itself,  as,  in  fact,  car 
wheels  would  be  useless  and  impossible  to  manufacture  without 
the  chill  in  which  thev  are  cast. 


*  Author's  closure,  under  the  Rules. 
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Tli(^  principal  chills  used  nowadays  seein  to  bo  the  Whitney, 
lian-  and  Canda,  and  wliih^  Uiavo  are  dilTerences  of  construction, 
3^et  the  principle  and  the  etfi^ct  are  practically  the  same. 

As  the  author  is  himself  desirous  of  obtaining  the  views  of 
members  <m  this  interesting  question,  he  would  be  very  glad  if 
Air.  Kent's  suggestion  of  a  further  discussion  of  the  matter  could 
be  carried  out. 
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DCCCXIII.* 

THE    PLUNGER    ELEVATOR. 

BY    GKO.    I.    ALDEN,    AVOKCESTER,    TttASS. 

(Member  of  the  Society.) 

Introduction. 

The  plunger  elevator  as  a  lift,  or  freight  elevator,  is  well 
known.  As  a  passenger  elevator  for  short  runs  it  has  been  used 
more  or  less  for  some  time,  both  in  this  country  and  in  Europe. 
It  has  always  been  characterized  as  a  safe,  durable,  and  econom- 
ical machine,  but  it  has  generally  been  assumed  that  it  had 
limitations  which  prevented  it  from  meeting  the  requirements  for 
passenger  service,  except  for  short  runs  and  slow  speeds.  The 
suggestion  of  its  use  as  a  high-speed  passenger  elevator  would 
until  recently  have  been  regarded  as  indicating  a  serious  miscon- 
ception of  its  possibilities. 

Recent  experience,  however,  seems  to  indicate  that  the  plunger 
elevator  is  a  satisfactory  solution  of  one  of  the  most  important  en- 
gineering problems  connected  with  the  special  and  complicated 
equipment  of  a  modern  oj0&ce  building. 

The  principal  parts  of  the  elevator  are  shown  in  the  accompany- 
ing cut.  Kear  the  level  of  the  ground  the  cut  shows  the  casing — 
which  in  soft  ground  is  driven  down  to  enclose  the  cylinder 
proper — broken  away,  showing  the  cylinder.  The  latter  is  also 
broken  to  show  the  plunger  passing  down  inside  the  cylinder. 
The  annular  space  between  the  plunger  and  the  inner  walls  of  the 
cylinder  is  ample  for  the  passage  of  the  water  down  around  tlie 
plunger  as  the  elevator  ascends,  or  up  as  the  elevator  descends. 

The  cylinder  above  the  casing  terminates  in  the  cast-iron 
cylinder  head,  to  which  is  bolted  the  stuffing-box  for  the  plunger, 
and  to  which  also  are  attached  the  buffer  springs  upon  which  the 
car  rests  when  in  its  lowest  position. 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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The  plunger  at  its  upper  end  enters  a  steel  casting  into  which  it 
is  fastened  as  shown  in  Fig.  220.  This  casting  is  bolted  to  a 
platen  on  the  under  side  of  the  car. 

The  metal  cab,  of  ornamental  design  and  finish,  rests  upon  the 
car  floor  or  platform.  Channel  irons  pass  up  from  the  car  floor 
on  two  sides,  and  are  connected  at  their  upper  ends  bj  cross 
beams  to  which  the  counterweight  ropes  are  secured.  These  ropes 
pass  up  and  over  the  large  sheave  at  the  top  of  the  well-room,  and 
carry  the  counterweight,  which  runs  in  guides  at  the  side  of  the 
well-room. 

Beturning  now  to  the  basement,  the  three-way  main  controlling 
valve,  with  its  pilot  valve,  is  seen  in  a  horizontal  position  in  front 
of  the  cylinder.  Water  is  supplied  through  the  vertical  pipe  on 
the  left.  This  is  provided  with  a  shut-off  valve.  At  the  upper 
end  of  this  vertical  pipe  a  long-turn  elbow  leads  the  water  to  one 
of  the  supplementary  valves,  from  which  it  passes  through  a  pipe 
behind  the  main  cylinder  to  the  main  controlling  valve.  A  second 
supplementary  valve  is  shown  on  the  exhaust  pipe,  which  leaves 
the  controlling  valve  in  front  and  at  the  left  of  the  cylinder,  and 
disappears  through  the  floor  just  at  the  right  of  the  supply  pipe. 

The  cab  is  shown  just  above  the  first  floor,  in  Fig.  218,  the  en- 
closure work  at  the  floor  above,  and  the  overhead  work  in  Fig.  219. 

Cylinder. — The  cylinder  is  sunk  plumb  into  the  ground  until  its 
upper  end  is  a  little  below  the  lowest  floor  to  which  the  elevator 
is  designed  to  run.  It  is  a  steel  tube,  having  its  lower  end  closed, 
and  its  upper  end  fitted  with  an  enlarged  cylinder  head,  which 
includes  a  stuffing-box  for  the  plunger,  and  an  opening  to 
receive  the  pipe  through  which  water  is  admitted  to  and  dis- 
charged from  the  cylinder.  The  bursting  pressure  for  a  10-inch 
cylinder  is  about  3,750  pounds  per  square  inch.  This  is  figured 
from  a  tensile  strength  of  the  material  of  60,000  pounds,  and  a 
thickness  of  cylinder  walls  of  -f^  inch. 

The  water  pressure  commonly  used  is  from  140  to  150  pounds, 
or  in  some  cases  200  pounds  to  the  square  inch. 

The  sections  of  which  the  cylinder  is  made  are  squared  up  and 
threaded  in  a  lathe,  so  that  when  connected  by  couplings  the 
cylinder  is  straight.  When  finished  it  is  tested  by  hydraulic 
pressure,  and  then  coated  with  a  good  preservative  paint. 

Drilling. — The  well  for  the  cylinder  is  made  plumb,  so  that  the 

cylinder  may  stand  in  a  vertical  position.     If  the  subsoil  is  earth, 

.^  steel  pipe  of  diameter  large  enough  to  receive  the  cylinder,  and 
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Fiu.  219. 


Fig.  220. 
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called  the  casing,  is  first  driven  to  tlie  required  depth,  the  earth 
being  removed  from  the  inside  of  this  casing  as  it  is  driven.  If 
ledge  is  encountered,  it  is  drilled  to  receive  the  cylinder,  and  no 
casing  is  required. 

Plunger. — The  plunger  is  made  of  steel  tubing  which  is  straight- 
ened, turned  to  uniform  size,  and  polished.  The  sections  are 
united  by  a  special  joint,  which  is  clearly  shown  in  the  sectional 
drawing  (Fig.  221).  This  joint  has  a  strength  to  resist  cross- 
breaking  or  buckling  fully  equal  to  the  strength  of  the  plunger  at 
a  cross-section  between  the  joints.  One  of  these  joints  was 
recently  tested  at  the  Worcester  Polytechnic  Institute  for  resist- 
ance to  cross-breaking.  The  supports  were  7-i  inches  apart,  and 
the  joint  was  2  inches  from  the  centre,  the  load  being  applied  at 
the  centre.  The  moment  of  inertia  of  the  cross-section  of  the 
plunger  was  21.3 ;  the  load  at  elastic  limit  was  about  10,200 
pounds;  deflection,  -^-^  inch  ;  the  stress,  28,000  pounds  per  square 
inch ;  the  breaking  load,  23,500  pounds ;  and  the  breaking  stress, 
60,153  pounds  per  square  inch.  In  this  test  the  joint  began  to  open 
a  little  on  the  convex  side  at  about  the  same  time  tliat  the  tube 
showed  signs  of  weakness  near  the  end  of  the  coupling  nipple. 
The  bulging  of  the  tube  near  the  end  of  the  coupling  nipple 
indicates  that  if  bending  had  been  carried  to  a  greater  extent 
the  short  bend  (for  the  pipe  would  not  break  if  bent  double) 
would  have  occurred  here,  and  the  joint  would  not  have  failed. 

The  diagram  showing  loads  and  deflections  for  the  test  piece 
above  referred  to  is  given  in  Fig.  223. 

The  top  end  of  the  plunger  is  flanged  into  a  steel  casting,  which 
is  securely  bolted  to  a  steel  platen,  which  in  turn  is  securely 
bolted  to  the  car.  In  long-run  elevators  a  rod  or,  better,  a  loop 
of  galvanized  wire  rope  passing  inside  the  plunger  has  an  inde- 
pendent connection  with  the  car,  which  would  securely  attach 
the  weight  of  the  plunger  to  the  car  if  the  regular  fastening 
should  fail. 

The  strength  of  a  plunger  to  sustain  the  car  and  its  load 
is  a  matter  which  it  is  of  prime  importance  to  consider.  The 
natural  first  impression  that  a  steel  column  6  or  8  inches  in  di- 
ameter and  150  to  200  feet  long  is  very  slender  and  will  be  in 
great  danger  of  buckling,  even  under  a  very  small  load,  needs  to 
be  corrected. 

A  consideration  of  the  formulas,  together  with  the  conditions 
under  which  the  plunger  is  used,  and  the  facts  which  have  been 
41 
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established  by  experiment  and  experience,  ought  to  lead  us  to 
safe  conclusions  on  this  point. 

For  a  long  column  with  rounded  ends  the  ultimate  load  is  given 
by  the  formula 

p  =  '5^,  .......     (1) 

in  which  E  is  the  modulus  of  elasticity  of  the  material;  I  the 
moment  of  inertia  of  the  cross-section,  and  L  the  length  of  the 
column. 

If  the  column  has  flat  ends,  or  is  fixed  in  direction  at  the  ends, 
the  ultimate  load  is 

P  =  ~-^-    .......         (2j 

The  case  of  an  elevator  plunger  comes  somewhere  between  these 
two  extremes.  In  an  experiment  tried  at  the  Washburn  Shops  of 
the  Worcester  Polytechnic  Institute  in  1S94,  when  an  elevator 
having  a  4-inch  plunger  was  loaded  up  to  its  ultimate  load,  it  was 
found  that  this  load  was  given  approximately  by  the  formula 

^=2.3^ (3) 

Formula  (1)  applies  to  any  upright  strut  or  pillar  whose  length 
is  so  great  in  comparison  with  its  diameter  that  the  only  stress 
that  needs  to  be  considered  is  that  due  to  bending.  In  such  a 
pillar  the  first  indication  of  the  approach  to  the  maximum  load 
is  the  bending  sideways  of  the  pillar  and  the  increase  of  this  bend- 
ing by  slight  increments  of  load.  When  the  bending  is  well 
established,  the  pillar  is  theoretically  in  a  state  of  indifferent 
equilibrium  ;  that  is,  the  same  load  will  hold  the  pillar  to  its 
curved  form,  whether  bending  be  much  or  little,  so  long  as  the 
bending  is  not  sufficient  to  cause  a  moment  on  the  cross-section 
exceeding  the  proof  moment  of  stress  of  the  section.  A  pillar 
thus  loaded  with  its  ultimate  load  might  continue  to  bend  in- 
definitely and  finally  break,  by  the  addition  of  a  small  increment 
to  the  load  or  by  any  slight  external  force  applied  to  increase 
the  bending. 

As  an  elevator  plunger  is  in  a  condition  somewhere  between 
a  pillar  rounded  at  the  ends  and  a  jnllar  fixed  in  direction  at  the 
ends,  the  action  of  the  i)kmger  under  an  excessive  load  will  be 
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(lifforent  from  that  of  a  ])illar  rounded  at  the  ends,  as  just  de- 
scribed, iu  this  respect,  viz.:  instead  of  the  plunger  being  in  a 
state  of  indifferent  equiUbriuni  after  bending  is  established,  it  will 
be  stable,  for  the  reason  that  the  car  at  the  top,  and  the  stuffing- 
box  at  the  bottom,  offer  an  increasing  resistance  to  the  change 
of  direction  of  the  plunger  at  its  ends.  Therefore,  after  a  plunger 
is  overloaded  so  that  it  begins  to  bend  considerabl}',  it  will  re- 
quire quite  an  increment  of  load  to  much  increase  the  bending. 

For  example,  a  plunger  42  feet  long  and  3.92  inches  outside 
diameter  showed  a  deflection  from  the  vertical  as  follows : 

Net  Loads.  Deflections. 

5,000  pounds l-i\-  inches 

6,000        "       lA'       " 

7,550       "       2\l       " 

8,500       "       3f 

8,900       "       4H      " 

It  is  well  to  have  the  above  analysis  in  mind  when  considering 
the  question  of  factors  of  safety.  To  follow  here  the  general  rule 
that  there  should  be  a  factor  of  from  4  to  10,  and  then  to  con- 
clude that  as  an  elevator  should  be  abundantly  safe  it  would  be 
well  to  use  a  large  factor,  would  be  allowing  the  general  rule  to 
take  the  place  of  reason.  In  the  case  of  cross-breaking,  if  there  is 
a  factor  of  safety  of  4  or  5,  as  in  bridge  work,  for  example,  every 
time  the  maximum  working  load  is  applied  it  produces  a  stress 
equal  to  one-fourth  or  one-fifth  of  the  breaking  stress,  and  it  would 
be  unsafe  to  use  a  smaller  factor.  But  in  a  long  upright  pillar,  as 
used  for  an  elevator  plunger,  the  case  is  entirely  different.  A  load 
nearly  equal  to  the  ultimate  load  may  be  applied  an  indefinite 
number  of  times,  and  not  cause  a  stress  that  would  be  even  worth 
considering,  because  it  is  only  when  bending  has  begun,  and  been 
carried  to  a  considerable  extent,  that  any  severe  stress  is  brought 
upon  the  metal. 

If,  therefore,  we  find  by  formula  (1)  that  for  some  given  case 
P:=  8,000  it  is  perfectly  safe  to  use  a  steady  working  load  of  5,000 
pounds,  or  6,000  pounds  as  the  maximum  working  load.  The 
only  thing  to  be  avoided  is  the  load  that  will  produce  bending, 
because  up  to  the  time  that  serious  bending  occurs  the  metal  is 
under  no  stress  except  a  light  thrust.  In  the  case  of  a  long 
plunger  in  an  elevator  well,  the  effect  of  accidental  unreasonable 
overloading  would  be  to  bend  the  plunger  until  its  convex  side 
should  reach  the  side  of  the  elevator  well  or  the  edge  of  one  of 
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the  floors  of  the  building.  It  would  theu  be  impossible  to  bend 
it  more,  and  the  car  could  not  fall,  even  if  loaded  far  beyond  the 
ultimate  load  given  by  the  formula. 

This  is  indicated  theoretically  by  solving  the  following  prob- 
lem :  Given,  a  plunger  6^  inches  outside  diameter,  6  inches  inside 
diameter,  and  150  feet  long ;  required,  the  deflection  at  or  near 
the  elastic  limit. 

If  this  plunger  were  simply  supported  or  held  in  place  at  the 
ends,  and  a  force  applied  at  the  centre  to  deflect  it  sideways,  it 
would  require  about  460  pounds  to  cause  a  stress  due  to  bending 
of  28,000  pounds  per  square  inch.  The  deflection  from  a  vertical 
line  which  this  force  would  cause  is  about  77.6  inches,  or  nearly 
6J  feet.  The  limiting  load  for  this  plunger  would  be  by  formula 
(3)  about  5,000  pounds,  assuming  that  ^=30,000,000  pounds  per 
square  inch  and  7=24,  and  neglecting  the  weight  of  the  plunger 
itself  so  far  as  this  weight  would  affect  deflection. 

Let  us  now  examine  the  plunger  as  regards  stress,  when  the 
elevator  is  in  actual  use  and  carrying  a  maximum  live  load  of 
3,000  pounds,  or  about  twenty  people  of  average  weight. 

The  plunger  itself  would  weigh  about  2,400  pounds;  the  car 
might  weigh  about  3,000  pounds;  the  compensating  cables  about 
1,100  pounds  ;  the  counterweight,  say,  about  3,500  pounds.  With 
a  water  pressure  of  150  pounds  per  square  inch  at  the  starting 
level,  the  pressure  on  the  lower  end  of  the  plunger  when  the  car 
is  at  the  top  of  its  run  is  about  5,000  pounds,  and  as  the  plunger 
weighs  2,400  pounds  there  could  be  but  2,600  pounds  pressure,  or 
load  on  the  upper  end  of  the  plunger,  even  when  the  load  is  be- 
ing accelerated  along  its  upward  run.  When  the  elevator  is 
standing  at  the  top  of  its  run  with  its  maximum  live  load,  3,000 
pounds,  there  is  a  load  of  1,400  pounds  on  the  plunger ;  and 
when  standing  with  no  live  load,  there  is  no  load  on  the  upper 
end  of  the  plunger,  but  the  plunger  is  under  tension  from  the  top 
down  to  a  neutral  point  50  feet  from  its  lower  end.  When  the 
elevator  is  descending  with  its  full  load  and  being  brought  to 
rest,  the  thrust  on  the  plunger  would  be  increased  somewhat  above 
2,600  pounds. 

In  the  above  example,  which  is  used  simply  as  an  illustration 
of  the  action  and  effect  of  loads  on  the  plunger,  the  friction  of  the 
plunger  in  its  stuffing-box,  the  overhead  shaft,  and  the  guide- 
shoes,  and  the  resistance  due  to  stiffness  of  ropes  were  not  con- 
sidered.    The  complete  formulas  for  expressing  the  relations  of 
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tlio  various  quantities   entering  into  the   consideration   of  lifting 
cjijfacity  are  as  follows  : 

Let  W  =  Weiglit  of  plunger. 

Let  C  =  Weiglit  of  car. 

Let  Z  =  Live  load. 

Let  K=  Counterweight. 

Let  i^=  Resistance  due  to  friction. 

Let  S  —  S. actional  area  of  plunger. 

Let  j9o  =  Water  pressure  per  square  inch  at  top  of  cylinder. 

Let  12  =  Weight  of  compensating  ropes  per  lineal  foot. 

Let  T  =  Total  run  of  elevator. 

Let  A  —  Unbalanced  force  to  give  upward  acceleration  with 
live  load. 

Let  Ai  =  Unbalanced  force  to  give  downward  acceleration 
without  live  load. 

As  the  compensating  cables  make  the  lifting  capacity  constant 
throughout  the  run,  or  in  other  words  counterbalance  the  varying 
pressure  on  the  plunger  due  to  change  of  elevation  of  the  car, 
this  variation  need  not  be  taken  into  account  in  the  formula. 

Therefore  the  equations  may  be  made  considering  the  car  at 
the  top  of  its  run.     Then 

A=poS  +  If+I2T-W-C-Z-F.    .     .         (4) 

The  equation  for  Ai  should  be  for  the  elevator  without  its  live 

load,  thus 

A,  =  W+  C  -  K-  BT-K     .     .     .         (5) 

In  these  equations  j9o  and  If  sue  the  arbitrary  constants  whose 
value  is  to  be  fixed  so  as  to  secure  the  required  speed  of  the 
loaded  car  up  and  of  the  unloaded  car  dowu.  The  value  of  K 
that  makes  A  =  A^,  found  by  combining  (4)  and  (5),  is 

K=W-^  C-  ET-^^'^~  ^ (6) 

In  practice  it  would  probably  be  well  to  make  A  a  little  greater 
than  A^j  as  there  is  less  mass  to  be  accelerated  when  the  empty 
car  is  coming  down  than  when  the  loaded  car  is  going  up. 

If,  with  an  assumed  value  oi p^,  K,  as  found  from  (6)  and  sub- 
stituted in  (4)  and  (5),  does  not  make  A  or  A^  larij^e  enough  to 
give  the  required  acceleration,  p^  may  be  increased ;  that  is,  a 
higher  pressure  may  be  carried  in  the  pressure  tank. 
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Yalves. — The  main  controlling  valve,  which  is  a  three-way  bal- 
anced valve,  is  usually  moved  by  a  motor  piston,  which  is  in  turn 
operated  by  a  pilot  valve.  This  pilot  valve  is  controlled  by  a 
lever  in  the  car.  The  supplementary  valves  close  automatically 
and  bring  the  elevator  to  an  easy  stop,  both  at  the  top  and  at  the 
bottom  of  the  run. 

The  overhead  work  consists  of  a  large  sheave  for  the  counter- 
weight ropes,  and  smaller  ones  for  the  ropes  that  operate  the  sup- 
plementary valves.  These  sheaves  are  mounted  on  heavy  steel 
shafting  supported  in  bearings  with  drip-pans ;  the  bearings  rest 
on  iron  beams  securely  built  into  the  walls  of  the  building. 

Power. — The  power  for  running  the  elevators  is  usually  fur- 
nished by  a  pumping  plant.  In  some  cases  water  from  the  city 
mains  is  used,  but  where  the  elevators  run  frequently  it  is  gener- 
ally cheaper  and  better  to  pump  the  water  and  use  it  over  and 
over.  The  pumping  plant  may  be  for  steam  or  electric  power. 
It  consists  of  a  closed  steel  tank  w^hich  is  kept  about  y^j  full  of 
water  and  y\  full  of  air.  The  capacity  of  this  tank  is  from  ten  to 
twenty  times  the  volume  of  water  used  per  trip  by  one  elevator. 
The  pressure  in  this  tank  is  usually  maintained  at  about  150 
pounds  per  square  incb.  From  this  tank  water  is  drawn  to  send 
the  elevator  up.  There  is  also  an  open  tank  of  somew^hat  less 
capacity  than  the  closed  one,  which  receives  the  water  that  is 
discharged  from  the  elevator  cylinder  as  the  elevator  descends, 
and  a  pump  which  draws  its  supply  from  the  open  tank  and 
delivers  to  the  closed  tank.    A  relay  pump  is  also  usually  provided. 

The  pump  may  be  a  steam  pump  driven  from  high-pressure 
boilers  and  exhausting  its  steam  during  the  cold  w^eather  into  the 
heating  system,  in  case  the  building  is  heated  with  low-pressure 
steam ;  or  it  may  be  a  power  pump  driven  by  an  electric  motor 
or  other  convenient  means.  In  either  case  the  pump  is  supplied 
with  an  automatic  regulator,  which  stops  the  pump  when  the 
pressure  in  the  closed  tank  reaches  its  maximum,  and  starts  it 
when  the  pressure  falls  a  few  pounds  belov/  this  maximum. 

Oiyeration. — When  the  plant  is  completed  and  ready  to  start 
the  pressure  tank  is  charged  with  air  and  water.  Air  is  admitted 
through  the  suction  pipe  of  the  pump  and  forced  into  the  tank 
along  with  the  water.  To  occasionally  supply  any  loss  of  air  from 
slight  leakage  or  other  cause,  a  device,  which  is  in  principle  a 
small  air  pump  using  water  as  a  piston,  is  introduced  between  the 
water  valves  of  the  pump  and  the  delivery  pipe. 


040  THE   PLUNGER   ELEVATOR. 

In  a  steam  pumping  plant  a  regulator  in  the  ])ipe  supplying 
steam  to  tlio  pump  is  so  adjusted  that  when  the  [)ressure  in  the 
tank  reaches  its  maximum  the  regulator  shuts  off  the  steam,  and 
this  stops  the  pump.  When  the  pressure  in  the  tank  falls  a  few 
pounds  below  the  maximum,  the  steam  is  let  on  and  the  pump 
starts  and  runs  until  the  maximum  pressure  is  again  restored. 

In  an  electric  pumping  plant,  in  place  of  the  steam-regulating 
valve,  an  automatic  switch,  operated  by  pressure  from  the  tank, 
stops  and  starts  the  motor,  as  the  pressure  in  the  tank  rises  or  falls. 

The  tank  being  properly  charged,  the  air  expelled  from  the 
cylinder  and  piping  connecting  it  with  the  tank,  and  the  elevator 
valves  being  adjusted,  the  elevator  may  be  started.  We  will 
assume  that  it  is  a  passenger  elevator  having  a  pilot  valve,  and  a 
lever  in  the  car  for  operating  it.  The  lever  being  in  its  central 
position,  the  main  valve  is  closed.  The  lever  is  held  in  this  cen- 
tral position  by  a  catch  which  is  easily  released  by  the  pressure  of 
the  hand  on  the  handle  of  the  lever.  The  lever  is  then  thrown  a 
little  to  one  side.  This  opens  the  pilot  valve  and  allows  water 
from  the  pressure  tank  to  enter  the  motor  cylinder  and  move  the 
motor  pistons.  The  motion  of  the  motor  pistons  moves  the  main 
controlling  valve,  and  it  begins  to  open ;  but  this  motion  of  the 
main  controlling  valve  .closes  the  pilot  valve,  so  that  if  the  lever 
is  thrown  but  a  little  from  the  centre,  the  controlling  valve  will 
open  but  a  little  and  the  elevator  will  move  slowly  ;  throwing  the 
lever  farther  from  the  centre  causes  the  controlling  valve  to  open 
still  wider  and  increases  the  speed  of  the  elevator. 

The  ports  in  the  valve  being  properly  proportioned  with  refer- 
ence to  the  motions  of  the  valve,  the  elevator  is  under  the  most 
complete  control  of  the  operator.  The  valve  is  adjusted  so  that 
if  the  lever  is  thrown  quickly  to  the  centre  when  the  elevator  is 
going  up  at  full  speed  the  plunger  will  not  leave  the  water,  but 
the  elevator  will  make  a  gradual  and  gentle  stop.  The  action 
of  the  valve  mechanism  is  so  perfect  that  when  the  elevator  is 
descending  at  full  speed  the  lever  may  be  thrown  quickly  from 
one  side  to  the  other.  This  will  bring  the  elevator  to  a  stop  and 
start  it  in  the  opposite  direction  without  any  jar  or  any  sensation 
to  the  occupants  of  the  elevator  that  would  call  attention  to  the 
change  of  motion  from  down  to  up.  The  perfect  control  of  the 
elevator,  the  uniform  though  rapid  acceleration  in  starting  and 
stopping,  and  the  absence  of  any  vibration  from  the  stretching  of 
ropes  are  qualities  which  give  to  the  passengers  a  sense  of  security 
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and  prevent  the  unpleasant  sensations  which  are  often  experienced 
from  sudden  starts  and  from  vertical  vibration.  As  the  elevator 
approaches  the  end  of  the  run,  if  the  operator  fails  to  throw  the 
lever  to  the  centre  and  thus  close  the  main  valve,  the  appropriate 
supplementary  valve  closes  automatically  and  brings  the  elevator 
to  rest  at  the  upper  or  lower  floor,  as  the  case  may  be. 

Speed. — High  speed  in  elevator  service  becomes  desirable  as 
the  distance  the  elevator  has  to  run  increases.  This  is  particu- 
larly true  where  some  of  the  elevators  in  a  high  building  are  run 
express.  For  many  years  the  plunger  elevator  was  built  for  slow 
speeds.  It  had  small  water  pipes  and  small  valve  ports.  To  get 
high  speeds  it  was  only  necessary  to  make  large  water  passages. 
But  the  problem  of  getting  speed  was  much  simpler  than  that  of 
^ecwxmg  perfect  control  with  high  speed.  The  two  important  ends 
to  be  attained  by  this  control  are,  first,  stopping  the  car  exactly 
at  the  floor,  and,  second,  starting  and  stopping  with  such  an  ac- 
celeration as  to  give  no  unpleasant  sensations  to  the  passengers. 
The  first  of  these  ends  is  attained  in  the  plunger  elevator  by  the 
use  of  the  pilot  valve.  When  the  operator  has  had  a  litttle  prac- 
tice in  handling  the  lever,  he  has  no  trouble  in  stopping  the  car 
properly. 

The  plunger  elevator  apparently  presents  peculiar  obstacles  to 
high  speed.  The  plunger  and  counterweights  are  quite  heavy, 
so  that  in  starting  there  is  a  large  mass  to  accelerate.  If  the 
water  could  be  shut  off  too  suddenly  on  the  upward  run,  the 
mass  would  move  on  and  the  plunger  leave  the  water ;  and  on 
the  downward  run,  too  quick  a  stop  would  cause  a  disagreeable 
pound  or  thud  as  the  elevator  came  to  rest. 

The  first  of  these  difficulties  (the  starting  of  large  masses)  is 
overcome  by  means  of  the  surplus  energy  stored  in  the  pressure 
tank.  This  tank  is  charged  by  the  pump,  as  has  been  described, 
and  the  pump  runs  much  more  of  the  time  than  the  elevator 
draws  water  from  the  tank,  and  always  delivers  against  about  the 
same  pressure.  The  expenditure  of  stored  energy  to  accelerate 
the  elevator  and  its  load  is  therefore  not  accompanied  by  any 
increased  stress  on  the  pump,  or  indeed  on  any  part  of  the  ma- 
chine. Starting  the  elevator  and  its  load  up  causes  no  sudden 
pull  on  ropes,  and  no  periodical  increase  of  load  on  the  overhead 
work  or  on  building  which  supports  it.  To  remedy  the  second 
seeming  difficulty  (that  of  the  plunger  leaving  the  water)  the 
first  step  was  to  ascertain  i;he  maximum  distance  that  the  ele- 
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vator,  running  up  at  its  greatest  speed,  would  move  before  coming 
to  rest,  if  left  to  itself.  In  making  this  calculation,  friction  and 
other  similar  resistances  are  left  out  of  account,  as  they  help  to 
stop  the  elevator  and  therefore  make  the  results  on  the  side  of 
safety. 

Let  V  —  Maximum  velocity  of  elevator  in  feet  per  second. 

Lety  =  Acceleration  of  the  system  when  free  from  any  ex- 
ternal force. 

Let  1)  —  Distance  passed  over  while  coming  to  rest. 

Let  W  =  Weight  of  plunger. 

Let  O  =  Weight  of  car. 

Let  K  =  Counterweight. 

Let  i?  =  Weight  of  compensating  ropes  per  foot. 

Let  T  =  Total  run  of  elevator  in  feet. 

Let  g  =  Acceleration  of  gravity  in  feet  per  second. 

Let  the  elevator  be  near  the  top  of  the  run  and  unloaded,  as 
this  is  the  most  unfavorable  for  a  quick  stop.     Then 

■         ^-2/ (7) 


and 


K+  ET-  W-0 
'  ~      K  +  ET  +  W  +  C  ^ ^^^ 


Having  determined  the  value  of  D  from  (7),  the  valve  should 
begin  to  close  when  the  car  is  at  this  distance,  D,  from  the  point 
of  stopping,  and  then  the  (^losing  of  the  ports  should  occur  at 
such  a  rate  that  the  water  will  just  keep  the  volume  generated 
by  a  cross-section  of  the  plunger  completely  filled. 

This  end  is  attained  by  correctly  proportioning  the  valve  ports 
and  governing  the  travel  of  the  controlling  valve.  A  careful 
study  of  the  problem  as  above  outlined  led  to  the  conclusion, 
which  is  borne  out  in  practice,  that  when  the  problem  is  solved 
and  the  seemingly  unfavorable  conditions  are  met,  the  result  is  an 
ideal  stop.  The  elevator  stops  just  as  a  body  thrown  into  the  air 
comes  to  rest,  so  gently  that  one  in  the  car  can  hardly  tell  just 
when  the  stop  occurs.  Thus  the  conditions  which  seemed  unfa- 
vorable or  possibly  insurmountable  have  compelled  the  treatment 
that  is  essential  to  the  best  results. 

Plunger  elevators  in  use  at  the  present  time  are  running  at  a 
speed  as  high  as  600  feet  per  minute'. 
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Economy  of  Room. — One  feature  that  is  of  some  importance  in 
large  buildings  is  the  compactness  of  the  plunger  elevator  plant, 
thus  economizing  room.  The  cylinder,  being  in  the  ground,  occu- 
pies no  room  in  the  building,  and  the  operating  valves  can  often 
be  placed  in  the  well-room  sub-basement  directly  under  the  car, 
and  even  when  placed  just  beside  the  well-room  take  up  but 
little  space. 

Cost  of  Power. — A  steam  pumping  plant  is  an  economical 
source  of  power  for  running  a  system  of  plunger  elevators,  par- 
ticularl}^  when  the  building  is  heated  by  steam.  The  water  pres- 
sure being  applied  directly  to  the  load  tlirough  the  plunger,  the 
elevator  requires  a  minimum  quantity  of  water  per  trip.  The 
expense  for  coal  can  be  figured  as  follows :  Determine  the  proba- 
ble average  number  of  trips  the  elevator  will  make  daily.  Com- 
pute the  number  of  cubic  feet  of  water  required  to  make  this 
number  of  trips,  and  then  the  number  of  foot-pounds  of  energy 
required  to  pump  this  volume  of  water  against  the  pressure  to  be 
maintained  in  the  pressure  tank;  divide  this  number  of  foot- 
pounds by  the  duty  of  a  steam  pump,  and  you  have  the  number 
of  hundred  pounds  of  coal  required.  From  the  cost  of  coal  may 
be  deducted  the  value  of  the  steam  that  can  be  used  for  heating, 
the  balance  remaining  being  the  net  cost  of  fuel  to  run  the  ele- 
vators. 

JRepairs. — The  cost  of  repairs  on  a  plunger  elevator  for  a 
series  of  years  is  very  small.  No  essential  part  of  the  mechanism 
is  under  any  severe  strain  or  subject  to  any  destructive  wear. 
The  life  of  a  plunger  elevator  is  therefore  very  long.  There  are 
elevators  running  on  city  water  that  have  been  in  constant  use  for 
over  twenty-five  years.  Plunger  elevators  have  not  yet  been 
made  long  enough  to  determine  the  real  limit  of  their  useful  life, 
but  have  been  made  long  enough  to  show  that  this  period  is  a 
very  extended  one.  Packings  for  the  plunger  and  valves,  and 
guide  shoes  for  the  car,  are  about  the  only  parts  that  require 
renewal. 

Safety. — The  elements  of  safety  in  the  plunger  elevator  may  be 
summarized  as  follows :  The  elevator  car  cannot  fall,  first,  because 
the  plunger  always  rests  upon  a  column  of  water  which  can  escape 
only  as  it  is  driven  out  of  the  cylinder  through  comparatively 
small  openings  ;  and,  second,  because  the  plunger  is  of  steel,  that 
would  bend  to  the  side  of  the  well-room  without  being  put  under 
dangerous  stress.     The  elevator  car  cannot  be  made  to  shoot  up 
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to  the  top  of  the  well-room,  first,  because  the  elevator  as  a  whole 
can  only  be  carried  up  by  the  pressure  of  water  which  enters  the 
cylinder  through  the  small  valve  openings ;  and  second,  because 
the  plunger  is  so  securely  fastened  to  the  car  by  two  separate  and 
independent  means  that  it  cannot  become  detached,  which  is  the 
only  way  in  which  the  car  can  be  drawn  up  by  the  counterweights. 
In  case  of  simultaneous  failure  of  both  the  main  controlling  valve 
and  the  supplementary  valve  to  work  at  the  top  of  the  run,  the 
counterweight  would  reach  the  ground,  and  the  car  would  stop. 

In  case  of  the  failure  of  both  the  main  and  supplementary 
valves  at  the  bottom  of  the  run,  the  car  would  land  upon  the 
buffer  springs,  and  would  stop  with  somewhat  of  a  jolt,  which 
would  be  disagreeable  to  passengers,  but  ought  not  to  be  serious. 
If  the  elevator  were  running  600  feet  per  minute,  or  10  feet  per 
second,  the  effect  of  a  sudden  stop  would  be  the  same  as  if  the 
elevator  should  fall  freely  from  a  state  of  rest  through  about  19 
inches.  If  the  speed  were  7  feet  per  second,  which  is  even  greater 
than  that  of  most  elevators,  the  effect  of  a  sudden  stop  would  be 
the  same  as  if  the  elevator  should  fall  freely  about  9  inches. 

Finally,  to  be  sure  that  the  elevator  will  never  attain  a  down- 
ward speed  greater  than  the  maximum  predetermined  for  that 
particular  elevator,  a  special  throttle  valve  is  introduced  into  the 
exhaust  pipe.  This  valve  is  lifted  to  its  seat  by  the  pressure  due 
to  the  velocity  of  the  exhaust  water,  and  thus  it  works  only  when 
the  elevator  has  attained  a  certain  speed.  When  seated,  it 
throttles  the  exhaust  so  as  to  reduce  the  speed  of  the  elevator 
considerably  below  its  predetermined  maximum,  and  this  lower 
speed  cannot  be  exceeded  until  the  elevator  has  been  stopped. 
As  soon,  however,  as  the  elevator  is  stopped,  the  throttle  valve 
drops  from  its  seat  and  leaves  the  exhaust  passage  again  free. 

This  valve  is  a  perfect  check  on  the  speed  of  the  elevator,  and 
is  entirely  out  of  the  reach  of  the  elevator  boy.  When  once 
adjusted  it  absolutely  prevents  the  acquirement  of  excessive  speed 
either  from  carelessness  or  from  loss  of  control  of  the  operating 
valve,  and  when  the  maximum  speed  is  attained  this  valve  acts 
instantly  and  reduces  the  speed  considerably  below  that  maximum. 

If  an  analysis  of  the  fatal  accidents  due  to  failure  of  elevators 
should  be  made,  and  the  cause  of  each  accident  determined,  and 
if  it  were  considered  what  would  have  happened  if,  with  no  other 
change  in  conditions,  a  plunger  elevator,  as  at  present  con- 
structed, had  been  in  use  at  the  time  of  the  accident,  I  venture  to 
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suggest  that  it  would  be  difficult  to  escape  the  conclusion  that  the 
accident  would,  in  nearly  every  case,  have  been  avoided. 

Conclusion. — The  modern  office  building  must,  from  its  height 
and  weight,  be  constructed  in  a  very  thorough  and  substantial 
manner.  Often  it  is  architecturally  beautiful,  and  no  expense  is 
spared  to  secure  the  best  material  and  most  elaborate  ornamenta- 
tion. It  is  built  to  attract  tenants,  and  to  compete  with  other 
buildings  in  giving  its  occupants  comfort,  safety,  and  convenience. 
Nothing  is  more  essential  to  the  physical  safety  and  the  mental 
comfort  of  those  who  are  obliged  to  use  the  elevators  several 
times  a  day  than  that  these  elevators  should  be  the  safest  it  is 
possible  to  make,  and  that  they  should  also  be  of  such  substantial 
appearance  and  such  smooth  and  quiet  motion  as  inevitably  to 
impress  the  passenger  with  a  sense  of  security.  Too  often  the 
elevators  are  a  secondary  consideration.  Money  is  spent  lavishly 
on  costly  arches,  pillars,  staircases,  and  various  showy  architec- 
tural features,  and  when  it  comes  to  the  means  of  safe  and  quick 
access  to  the  offices  and  stores,  there  is  thought  to  be  only  money 
enough  left  to  pay  for  the  cheapest  elevators.  This  practice  is, 
however,  being  slowly  abandoned,  for  two  reasons  :  first,  it  proves 
in  a  few  years  to  have  been  the  most  costly  method ;  and,  second, 
tenants  are  becoming  more  intelligent  regarding  the  relative  merits 
of  different  elevators,  and  more  strenuous  in  their  demands  for 
the  best.  The  successful  renting  of  large  office  buildings  of 
apartment  houses  is  aided  by  having  a  type  of  elevator  that  has 
a  good  record. 

The  plunger  elevator  has,  by  request,  been  somewhat  fully 
described  in  this  paper,  that  the  Society  may  know  of  its  recent 
development,  and  may  consider  its  merits  as  a  worthy  competitor 
for  first  place  among  the  appliances  of  its  kind  in  a  modern 
building. 

DISCUSSION. 

Mr.  Wm.  Barnet  Le  Van. — I  would  like  to  state  that  I  built 
and  erected  a  hydraulic  lift  at  French,  Richards  &  Co.'s,  Tenth 
and  Market  streets,  Philadelphia,  about  twenty-five  years  ago, 
the  ram  or  plunger  of  which  Avas  8  inches  in  diameter  and  90 
feet  in  length.  The  machine  was  tested  for  one  week,  with  an 
average  load  of  6,000  pounds  ;  the  speed  of  ram  was  80  feet 
per  minute,  in  ri:;ing,  and  when  lowering,  160  feet.  The  coal 
consumption  during  the  trial  averaged  1,000  pounds  per  day  of 
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eleven  liours.  The  building  was  75  x  120  feet;  the  first  floor 
was  used  as  a  salesroom  and  for  offices ;  the  whole  of  the  build- 
ing was  heated  from  the  same  fuel  used  for  running  the  elevator. 
Tt  was  in  constant  use  for  seventeen  years,  during  which  time  the 
actual  cost  for  repairs  was  about  $150. 

The  ram  and  platform  were  not  balanced  ;  it  took  300  pounds 
per  square  inch  water  pressure  to  balance  them  when  the  plat- 
form was  empty. 

Mr.  William  H.  Bryan. — Professor  Alden's  paper  raises  some 
interesting  questions,  the  more  important  of  which  are  how  many 
plunger  elevators  are  actually  in  service,  and  to  what  extremes  of 
lift  and  speed  have  they  been  carried.  Is  it  safe  to  place  100  feet 
or  more  of  cylinder  in  the  ground,  where  it  is  absolutely  inacces- 
sible, and  subject  to  deterioration  ? 

I  suggest  that  Professor  Alden  explain  a  little  more  fully  the 
compensating  cable  mentioned  on  page  638. 

Professor  Alden  seems  to  prove  his  point  of  extreme  safety,  but 
it  is  doubtful  whether  the  general  public  would  accept  his  statement, 
when,  with  maximum  load  and  a  lift  of  150  feet,  the  deviation  of 
the  plunger  from  the  vertical  might  be  noticeable  to  the  eye. 

The  point  of  economy  of  space  is  a  good  one,  as  is  also  the  fea- 
ture of  higher  efficiency  due  to  direct  connection  and  absence  of 
sheaves.  It,  of  course,  retains  the  inherent  defects  of  all  ordinary 
forms  of  hydraulic  elevators  : 

1.  That  full  power  is  required  for  all  loads,  whether  minima  or 
maxima. 

2.  That  efficient  counterbalancing  is  impossible,  and  there  is  no 
return  of  power  on  the  return  trip. 

3.  That  the  ordinary  pumping  plant  is  very  wasteful  in  fuel, 
while  the  more  efficient  types  are  so  expensive  as  not  to  be  justi- 
fied except  in  the  case  of  very  large  plants. 

4.  That  the  power-generating  plant  of  the  elevator  must  be 
independent  of  that  for  lighting,  and  both  must  have  their  inde- 
pendent reserve  units,  which  features  increase  the  cost,  complicate 
the  arrangement,  and  reduce  fuel  efficiency. 

Mr.  Boyer. — I  think  it  would  be  well  if  we  knew  the  method 
by  which  Professor  Alden  counterbalances  that  shaft  as  it  goes 
up.  You  could  imagine  starting  a  cylinder  and  rising  100  or  125 
feet ;  you  are  putting  a  great  deal  of  metal  constantly  in  the  air. 
It  might  be  a  pleasure  to  some  of  you  to  know  how  he  counter- 
balances that. 
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Mr.  Alden. — Regarding  what  has  been  done,  I  will  say  that  at 
the  Bannigan  Building,  in  Providence,  there  are  live  elevators 
running  120  or  130  feet,  at  a  speed  of  400  feet  or  more.  At  the 
Jewellers'  Building  in  Boston  they  run  132  feet.  The  speed 
guarantee  is  600  feet  a  minute,  and  I  think  that  is  excelled.  The 
plungers  are  6-|  inches  in  diameter.  So  far  as  the  deflection  is 
concerned,  it  is  not  noticed  at  all.  You  will  find  a  little  tendency 
in  the  plunger  to  get  a  quarter  of  an  inch  out  in  one  direction  or 
another,  but  that  is  an  initial  condition,  and  that  does  not  usually 
change.  In  the  Bannigan  Building  elevators,  one  is  required  to 
carry  a  weight,  8,000  pounds,  to  the  top  of  the  building.  We  con- 
sequently tested  the  elevator  with  a  load  of  8,000  pounds,  and  we 
found  that  the  plunger  carried  it  Avith  perfect  safety  to  the  top  of 
the  building.  I  have  never  known  a  long  plunger  in  which,  with 
the  maximum  regular  load,  there  was  any  deviation  from  the  ver- 
tical which  could  be  detected  or  w^as  noticeable  to  the  eye.  Re- 
garding any  objection  that  may  be  felt  against  placing  the  cylin- 
der in  the  ground  it  should  be  remembered  that  there  are  no 
machine  parts  or  pipe  connections  below  the  ground ;  that  the 
cylinder  is  well  protected  ;  and  it  has  been  found  to  be  long- 
lived.  During  twenty  years'  experience  a  cylinder  has  never 
been  removed  for  repairs.  The  cylinder,  being  in  a  vertical  posi- 
tion at  the  bottom  of  an  open  well,  is  conveniently  removed  if 
occasion  should  require  it. 

Regarding  the  defects  which  Mr.  Bryan  has  enumerated,  the 
first  and  second  may  yet  be  overcome,  some  steps  having  already* 
been  taken  in  this  direction.  The  third  is  somewhat  modified  in 
case  of  a  steam  pumping  plant  in  which  the  exhaust  steam  is 
utilized  for  heating  purposes.  So  far  as  actual  cost  of  running  is 
concerned,  where  a  steam  boiler  is  maintained  for  heating,  plun- 
ger elevators  run  by  a  steam  pumping  plant  are  probably  the 
most  economical  system  in  use. 

Of  the  fourth  defect  mentioned,  it  may  be  said  that  the  require- 
ments of  elevator  service  are  such  that  in  case  of  electric  eleva- 
tors it  is  doubtful  whether  they  should  be  run  in  connection  with 
a  lighting  system,  the  sudden  loads  being  detrimental  to  the 
steadiness  of  the  electric  lig^hts.  If  storao^e  batteries  are  used,  as 
has  been  found  necessary  in  some  cases,  the  additional  first  cost 
and  subsequent  charge  for  maintenance  are  very  great. 

Regarding  counterbalancing,  it  is  clear  that,  as  the  elevatof 
moves,  the  pressure  on  the  lower  end  of  the  plunger  changes. 
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T\w  amount  of  this  change  of  pressure  for  every  foot  the  plunger 
moves  is  just  equal  to  tlic  weight  of  water  displaced  by  the  plun- 
ger in  its  motion.  As  the  elevator  moves  up,  its  lifting  capacity  is 
thus  diminished.  To  counterbalance  this  change  in  lifting  capacity, 
we  sus])end  the  counterweight  by  cables  of  such  size  and  number 
that  the  weight  of  the  cables  per  foot  shall  be  just  one-half  the 
weight  of  the  column  of  water  displaced  by  the  plunger.  Then 
as  one  foot  of  cable  is  transferred  to  one  side  or  the  other  of  the 
counterweight  shaft  it  just  balances  that  difference,  and  the  lift- 
ing capacitv  is  uniform  throughout.  The  strength  of  the  coun- 
terweight cables  is  thus  made  very  much  in  excess  of  what  is 
needed  to  hold  the  counterweight.  Consequently  the  cables  do 
not  need  renewal,  as  they  are  strained  but  very  little.  There  is 
no  place  in  this  whole  elevator  system  where  there  is  any  extraor- 
dinary stress  upon  any  part  of  the  machine,  either  tensile  or 
thrust,  or  excessive  pressure  on  wearing  surfaces.  This  condition 
in  a  machine  so  simple  in  construction  accounts  for  its  being  very 
long-lived. 
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INVESTIGATIONS    OF   BOILER    EXPLOSIONS. 

BY     GUS.    C.    HENNING,    NEW   YORK    CITY. 

(Member  of  the  Societ}'.) 

In  spite  of  the  numerous  boiler  explosions  constantly  occur- 
ring in  all  kinds  of  service,  and  the  numerous  investigations  of 
their  causes  which  have  been  made  officially  and  otherwise,  no 
general  method  has  thus  far  been  proposed  which  gives  any 
certainty  of  reliability  of  conclusions. 

The  well-known  boiler  tests  made  by  a  government  board  of 
the  United  States,  at  Sandy  Hook,  gave  only  negative  results 
and  were  of  little  practical  value. 

This  seems  very  strange,  more  especially  when  it  is  considered 
that  the  fundamental  causes  are  very  limited  in  number.  They 
are  : 

a.  Excessive  pressure. 

h.    Low  water. 

c.  Defective  material. 

d.  Defective  workmanship. 

e.  Local  defects. 

a.  Excessive  Pressure. 

Excessive  pressure  can  be  produced  by  wilfulness  or  by  care- 
less operation  ;  it  can  be  controlled  by  autographic  recording 
gauges,  alarm  whistles,  and  competent  management. 

h.  Low  Water. 

Low  water  may  be  the  result  not  only  of  carelessness  but  of 
many  accidental  causes,  such  as  derangement  of  pumps  or  in- 
jectors, stoppage  of  pipes,  gauge  glasses,  valves,  etc.,  or  even  by 
suddenly  augmented  leakage,  which  cannot  always  be  discovered 
promptly,  or  even  immediately  provided  for  after  discovery. 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactiotis. 
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c.  Defective  Material. 

Defective  material  can  be  readily  avoided,  and  should  never 
be  used  in  any  case ;    it  is  criminal  to  use  it. 

d.  Defective  Workmanshij). 

Defective  workmanship  exists  more  or  less  in  all  boilers, 
except  those  which  are  built  without  caulked  seams  and  rivets, 
and  punched  holes,  and  all  parts  of  which  are  prepared  and 
finished  by  machine-tools  and  consist  mainly  of  tubes  with 
screwed  ends.  Defective  workmanship  develops  greater  or  less 
defects  during  service  and  necessitates  constant  repair  and  patch- 
ing, and  may  be  cause  of  material  weakness  in  course  of  time. 

e.  Local  Defects. 

Local  defects  may  exist  in  all  boilers  initially  or  develop  after 
a  while  in  service. 

a.  Determination  of  Excessive  Pressure. 

Assuming  that  a  boiler  has  been  properly  designed  there  will 
be  no  excessive  pressure  in  service  except  as  previously  stated. 
If  all  the  possible  safeguards  have  not  been  employed  and  a 
record  of  pressures  has  not  been  made,  it  is  still  possible  to 
obtain  such  record  for  the  instant  of  explosion,  by  making 
several  tests  of  strips  especially  when  cut  from  material  of  dif- 
ferent thicknesses  taken  from  the  boiler. 

It  is  a  well-known  fact  that  all  material  used  in  construction 
is  subjected  to  stress  about  one-third  of  its  yield  point,  but 
never  beyond  one-half  of  this  amount.  Stress  sufficient  to  cause 
rupture  is  always  about  five  times  the  working  stress.  If  then 
any  part  of  the  boiler  had  been  worn  thin  by  corrosion  such 
material  would  be  overstressed  and  overstrained. 

It  is  also  a  well-known  fact  that  excess  of  stress  beyond  the 
yield  point  invariably  raises  it  above  its  original  value,  and  if, 
therefore,  careful  tests  be  made  of  the  material,  especially  with 
an  autographic  recorder,^  the  results  will  invariably  show  aug- 
mentation of  yield  point.  Different  thicknesses  will  show  differ- 
ent augmentations  which  must  always  be  in  direct  proportion  to 

*See  the  Henning  "Pocket  Recorder,"  Transactions  A.  S.  M.  E.,  1897. 
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tlie  stress  applied.  If  calculations  show  tliat  tlie  augmentations 
of  yield  point  in  thick  and  thin  material  were  produced  by  the 
same  internal  pressure,  then  it  is  proof  positive  that  excessive 
pressure  existed  at  the  instant  of  explosion,  and  also  its  exact 
amount.  Tests  of  staybolts  will  show  the  same  thing.  Elonga- 
tion of  the  material  is,  however,  reduced  by  excess  of  stress,  and 
a  second  tension  test  of  a  piece  of  material  previously  ruptured 
will  be  very  materially  decreased.  Stress  beyond  the  yield 
point  also  changes  the  shape  of  the  elastic  curve  in  a  very  char- 
acteristic manner. 

h.  Low  Water. 

Low  water,  however  caused,  always  produces  excessive  heat- 
ing ;  and  if  the  temperature  rises  sufficiently  to  weaken  the 
material,  failure  may  occur  by  stripping  of  the  staybolts  or 
rupture  of  the  sheets  by  bulging  between  them,  or  otherwise. 
If  the  temperature  has  raised  the  material  to  a  low  or  bright 
red  color,  this  can  be  readily  determined  by  superficial  inspec- 
tion. While  the  fire  side  will  show  red  rust  or  a  black  color, 
the  water  or  steam  side  will  invariably  show  a  typical  steel-blue 
scale,  which  will  not  disappear  even  after  years,  as  it  is  a  so- 
called  rustless  coating.  If  this  be  once  oiled  it  will  always  be 
distinguishable,  even  if  the  plates  had  been  exposed  to  moisture 
and  gases  for  years.  The  color  of  this  scale  will  depend  some- 
what upon  the  temperature  at  which  it  was  produced,  being 
brightest  at  those  points  where  temperature  was  the  highest. 
Carefully  made  tests,  with  autographic  diagrams,  of  such  material 
will  again  demonstrate  changes  of  properties,  which  are  very 
characteristic.  The  yield  point  will  be  found  very  low,  while 
the  diagram  will  show  a  material  drop  of  curve  just  after  the 
yield  point.  The  elongation  will,  however,  as  a  rule,  be  mate- 
rially increased,  with  a  diminution  of  tenacity.  Nicked  and 
quenched  bending  tests  will  again  show  marked  differences 
between  strips  cut  from  the  sheet  at  points  which  in  one  case 
were  overheated  or  were  above  the  low-water  line,  and  in  the 
other  were  taken  from  a  part  below  this  line.  The  fracture  will 
also  be  materially  different.  To  demonstrate  the  temperature 
at  which  the  plates  happened  to  be  at  the  instant  of  explosion, 
it  is  necessary  to  cut  strips  from  points  of  the  overheated  plate 
below  the  water  line.  These  strips  polished  on  the  edges  are 
then  held  in  a  clear  fire,  so  that  one  end  remains  cold  while  the 
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other  is  heated  to  a  dull  yellow  or  a  very  bright  red.  This  tem- 
perature being  reached  the  bars  are  withdrawn,  and  while  one 
is  rapidly  plunged  with  one  end  into  a  pot  of  boiling  water,  the 
other  is  allowed  to  cool  in  air,  but  not  in  contact  with  wet 
material  or  metal  or  stone.  When  the  piece  which  has  been 
immersed  in  boiling  water  about  one  inch  deep  has  become 
nearly  cold,  below  blue  heat,  it  is  plunged  into  cold  water. 

On  the  polished  edges  of  both  bars  will  be  found  scale  and 
heat  colors,  the  temperatures  producing  them  being  well  estab- 
lished. These  bars  are  then  carefully  nicked  at  points  opposite 
every  change  of  color  and  then  broken  off  at  these  nicks.  By 
comparing  these  fractures  and  their  scale  and  colors  with  those 
obtained  from  pieces  cut  from  the  overheated  plates,  the  tem- 
perature at  which  they  were  at  the  instant  of  explosion  can  be 
determined  with  great  accuracy.  Having  thus  determined  the 
temperature  at  which  the  sheets  were  during  operation,  it  is  also 
known  whether  the  metal  was  sufficiently  soft  to  bulge  or  to 
strip  from  the  staybolts  ;  examination  of  plates  and  bolts  will 
verify  the  conclusion. 

c.  Deterniination  of  Defective  Jfaterial. 

As  it  is  assumed  that  all  material  used  in  the  boiler  originally 
was  of  good  quality,  it  is  only  necessary  to  discuss  the  changes 
which  might  have  taken  place  while  in  service.  It  is  also 
assumed  that  all  parts  of  the  boiler  are  open  to  inspection  at  all 
times,  and  that,  therefore,  any  local  corrosion  will  be  discovered 
at  once  and  carefully  watched  during  its  progress.  Ocular 
inspection  is  always  sufficient  for  this  purpose,  and  such  defects 
are  always  visible  and  easily  recognizable  before  and  after 
failure,  and  the  latter  can  only  occur  under  the  most  careless 
supervision.  In  service,  material  may,  however,  deteriorate  by 
the  action  of  repetitive  stress,"^  the  effect  of  which  is  again 
clearly  indicated  by  the  results  of  tests  and,  more  particularly, 
by  carefully  drawn  diagrams.  The  yield  point  will  again  be 
changed  as  before  and  the  elongation  similarly.  However, 
different  parte  of  the  boiler  would  show  different  effects  ac- 
cording to  their  location,  and  the  different  action  which  each 
is  subjected  to  would  produce  different  results  of  tests.  In  the 
case  of  excessive  stress  the  differences  w^ould  be  the  same  in  all 

*  See  Martens's  "  Testing  Materials  for  the  Constructor." 
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material  in  the  boiler.  Moreover,  a  careful  study  of  the  results 
will  show  other  differences  which  are  most  fully  described  in  the 
reference  given.  These  changes  of  material  are,  however,  pro- 
duced only  by  such  an  immense  number  of  repetitions  of  stress 
that  they  are  rarely  produced  in  boilers,  which  generally  wear 
out  and  are  replaced  by  new  ones  before  they  become  distinctly 
developed. 

Long-continued  service  of  material  in  contact  with  fire  and 
gases  of  combustion  also  produces  very  marked  changes  in 
structure  and  properties  of  the  materials.  The  structure  be- 
comes more  crystalline  and  brittle.  It  loses  much  of  its  ductil- 
ity. While  the  yield  point  and  tensile  strength  are  not  much 
changed,  the  former  generally  being  lowered,  the  elongation  is 
decreased  materially.  Bending  tests  on  both  cold  and  quenched 
material  show  considerable  deterioration.  Nicked  bending  tests 
especially  produce  striking  differences.  As  different  parts  of 
the  material  are  affected  differently  because  of  difference  in 
temperatures  of  the  fire,  they  will  show  different  qualities  in 
material  and  in  j^i'oportion  to  these  temperatures.  This  being 
the  case,  the  cause  of  such  deterioration  can  be  easily  traced  by 
careful  tests  ;  it  is,  however,  essential  that  complete  records  of 
tests  be  obtained,  which  is  of  course  possible  only  by  auto- 
graphic records.  It  does  not  suffice  to  make  the  usual  deter- 
minations of  ordinary  tests. 

It  has  never  been  demonstrated  that  boiler  plate,  other  than 
that  subjected  to  the  action  of  fire  and  hot  gases,  has  had  its 
properties  changed  by  long-continued  service. 

d,  and  e.  Defective  Worhmansliip  and  Local  Defects. 

As  these  must  be  of  very  grave  importance  when  sufficiently 
serious  to  produce  boiler  explosions,  and  are  readily  noticeable 
to  any  trained  eye,  it  is  not  necessary  to  discuss  them  at  length ; 
they  have  often  been  studied  and  described.  The  literature  on 
these  subjects  is  so  ample  that  their  enumeration  may  be 
omitted. 

From  the  foregoing  explanations,  it  will  be  seen  that  careful 
testing  with  proper  means  and  apparatus,  added  to  thorough 
superficial  inspection,  will  always  be  sufficient  to  demonstrate 
the  cause  of  any  boiler  explosion.  It  is  the  failure  to  apply 
correct  knowledge  in  individual  cases  that  has  led  to  the  frequent 
conclusion  of  "cause  unknown"   or  ''no  reason  for  accident." 
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The  failure  of  eminent  engineers  to  reach  definite  results  is  due 
entirely  to  inadequate  investigations,  which  did  not  discover  the 
facts  available.  Moreover,  the  tests  of  the  material  after  explo- 
sion were  made  in  such  a  superficial  manner,  and  with  such 
inadequate  methods,  apparatus,  and  care,  that  they  were  gener- 
ally valueless. 

In  my  experience  I  have  repeatedly  found  the  results  of  tests 
of  so  striking  a  nature  that  this,  taken  in  connection  with  the 
knowledge  of  original  properties  of  the  material,  gave  convinc- 
ing proof  of  the  causes  of  explosions.  This  is  not  only  true  of 
sheets,  but  also  of  flues,  both  of  which  I  have  had  repeated 
occasions  to  study  carefully,  and  there  does  not  seem  to  exist 
any  doubt  whatever  that  the  cause  of  every,  boiler  explosion  can 
be  readily  determined,  with  simple  means  readily  obtainable,  by 
one  who  has  correct  and  sufficient  knowledge  of  properties  of 
materials  as  affected  by  different  conditions. 

DISCUSSION. 

Pi'of,  W.  S.  Aldrich. — The  paper  of  Mr.  Henning  is  exceed- 
ingly to  the  point.  I  believe  we  have  all  seen  the  value  erf  prac- 
tical examples  of  these  changes.  It  appears  to  me  that  he  has 
not  gathered  together,  unless  it  is  under  the  title  of  "  Local  De- 
fects," those  which  are  likely  to  arise  from  scale.  In  marine 
practice,  as  well  as  in  stationary  boilers  in  various  parts  of 
the  country,  the  question  of  scale  is  probably  the  most  vital 
which  confronts  the  steam-maker.  The  scale  itself  and  other  sec- 
ondary causes  are  capable  of  producing  some  of  the  lines  of  incip- 
ient weakness  which  are  referred  to  in  the  paper. 

The  other  point  of  which  I  wish  to  speak  is  in  relation  to 
certain  work  which  we  found  it  necessary  to  do  on  the  U.  S.  S. 
Vulcan  last  summer,  at  Guantanamo  Ba}^,  Cuba,  the  line  of  work 
consisting  of  jacking  up  the  furnaces  of  the  U.  S.  S.  Indiana  and 
the  TJ.  S.  S.  Detroit.  Some  of  the  furnaces  of  these  battleships, 
owing  to  the  use  of  salt  water  under  the  exigencies  of  blockade 
duty  off  Santiago  de  Cuba,  had  come  to  be  down  in  the  flats  or 
cylindrical  portion,  as  well  as  in  the  corrugations.  The  Vidcaii's 
work  in  their  behalf  consisted  in  jacking  the  furnaces  back  to  the 
original  position.  The  crowns  were  first  heated  to  a  cherry  red 
and  then  jacked  back  by  means  of  hydraulic  jacks,  with  the  use  of 
cast-iron  former  plates  made  on  board  the  Vulcan.      The  point 
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to  which  I  wish  to  call  the  attention  of  the  writer  is  this  :  will  not 
excessive  jacking  of  these  marine  furnaces  in  time  result  in  serious 
deterioration  of  the  material,  quite  apart  from  that  due  to  the  fire 
and  the  hot  gases  ?  since  Mr.  Ilenning  states  "  it  has  never  been 
demonstrated  that  boiler  plate,  other  than  that  subjected  to  the 
action  of  fire  and  hot  gases,  has  had  its  properties  changed  by  long- 
continued  service."  Such  jacking  of  boiler  furnaces  is  an  exposure 
to  an  artificial  strain  entirely,  and  quite  different  from  that 
naturally  arising  in  everyday  service. 

It  is  the  case  that  a  large  number  of  the  coastwise  steamers 
jack  their  boilers  sometimes  every  trip.  Their  furnaces  to  a 
greater  or  less  extent  are  said  to  be  not  injured  by  that  process, 
and  I  should  like  to  inquire  if  there  is  any  experience  on  this  ques- 
tion, because  it  appears  to  be  a  vital  one.  Very  fortunately  the 
specifications  for  the  mild  steel  of  those  boilers  in  the  naval  vessels 
called  for  the  very  best  material,  and  the  furnaces  of  the  Indiana 
and  the  Detroit  stood  the  jacking  process  without  any  visible  marks 
of  deterioration. 

Prof.  Forrest  R.  Jones. — About  a  year  and  a  half  ago  a  boiler 
of  a  locomotive  in  passenger  service  on  one  of  our  Western  roads 
exploded,  with  somewhat  disastrous  results  to  both  life  and  prop- 
erty. An  examination  of  the  plates  after  the  explosion  showed 
that  they  were  badly  grooved  and  pitted,  and  that  the  grooves, 
some  of  which  were  of  peculiar  form,  being  very  narrow  and  deep, 
ran  more  than  two-thirds  of  the  way  through  the  plate,  and  seemed 
to  be  ample  cause  for  the  rupture.  The  locomotive  w^as  standing 
in  the  round-house,  almost  ready  to  take  out  a  passenger  train,  the 
steam  pressure  being  up,  so  far  as  was  ever  learned,  to  about 
the  normal ;  about  4  or  5  feet  in  width  of  the  cylindrical  por- 
tion of  the  shell  was  torn  out  and  thrown  some  500  feet.  The 
grooves  and  pitting  were  shown  very  distinctly  in  this  portion, 
some  of  the  grooves  running  circumferentially  and  others  longi- 
tudinally with  the  boiler.  The  matter  was  brought  into  court 
some  tAVo  weeks  ago,  and  there  were  developed  some  points  as  to 
the  inspection  and  care  of  boilers,  and  it  was  shown  that  this  par- 
ticular company  did  not  inspect  the  boiler  shell  inside  throughout 
except  when  the  flues  had  to  be  taken  out  for  repairs,  and  that 
the  flues  of  this  particular  boiler  had  not  been  removed  so  as  to 
allow  inspection  inside  throughout  for  some  four  or  five  years. 
The  same  method  of  inspecting,  or  not  inspecting,  was  shown  for 
some  of  the  other  principal  railway  lines  running  out  of  Chicago. 
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A  ])i('co  of  tlio  ])hit(3,  {I  ratlier  snuill  ])i(3ce,  was  tested  in  order 
to  Icai'ii  its  (jualities.  Tiie  boiler,  I  iniglit  say,  liad  been  made  in 
1807,  and  was  of  wrouglit-iron  plate.  A  large  portion  of  the 
plate  that  had  been  originally  put  in  the  boiler  was  still  there. 
The  longest  piece  that  could  be  gotten  from  the  fragmentary 
plate  was  12  inches,  and  therefore  the  elongation  and  correspond- 
ing properties  had  to  be  measured  in  6  inches  of  length.  The 
material  showed  an  elastic  tensile  strength  of  24,000  pounds  to 
the  square  inch,  about  44,600  ])ounds  maximum  tensile  strength, 
and  the  total  elongation  in  6  inches  was  less  than  2^  per  cent.  It  was 
about  f  of  a  square  inch  in  sectional  area.  It  would  bend  to  an 
angle  somewhat  less  than  60  degrees  before  cracking,  and  would 
not  bend  as  far  as  90  degrees  before  breaking  completely  in  two. 
The  direction,  relatively  to  the  fibre,  in  Avhich  the  test  for  tensile 
strength  was  made  was  difficult  to  determine.  The  plate,  be- 
ing made  of  wrought  iron,  was  laminated,  of  course,  being  made 
up  of  various  plates  welded  together.  There  was  one  layer  on 
each  side  that  appeared  to  be  of  good  material,  which  com- 
prised about  one-fourth  of  the  thickness  of  the  plate.  The  re- 
mainder of  the  plate  seemed  to  be  made  up  of  several  laminas 
which  were  welded  together  with  more  or  less  dirt,  scale  or 
oxide  between  them.  An  endeavor  to  find  the  direction  of  the 
grain  was  unsuccessful.  This  was  done  by  etching,  but  it 
appeared,  as  nearly  as  could  be  told,  that  the  outside  plate  or 
layer  on  one  side  had  the  grade  running  at  right  angles  to  that 
on  the  opposite,  so  that  the  plate  might  have  been  as  strong  in  one 
direction  as  another.  The  smallness  of  the  piece  would  not  allow 
tests  in  both  directions,  however. 

The  great  length  of  time  which  was  allowed  to  elapse  without 
inspecting  the  interior  of  such  an  old  boiler — these  grooves  which 
I  mentioned  were  on  the  interior — leads  one  to  think  that  if  pos- 
sible there  should  be  some  method  of  getting  inspections  more  often 
upon  locomotives  which  are  to  draw  passenger  trains.  Of  course 
it  would  be  a  very  difficult  thing  to  do  that.  As  to  this  grooving 
and  the  length  of  time  it  would  take  to  occur,  there  were  various 
opinions  expressed  as  testimony  in  court,  as  to  the  length  of  time 
the  grooves  could  have  been  seen  before  the  bursting  of  the  boiler. 
An  inspector  for  the  Hartford  Steam  Boiler  Inspection  and  In- 
surance Company,  who  had  inspected  for  twelve  years  not  less  than 
a  hundred  boilers  a  month,  said  that  the  grooves  would  have  been 
visibly  to  an  extent  sufficient  to  have  caused  a  careful  person  to 
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watch  it  at  least  ten  years  before.  Another  testified  that  it  would 
have  been  visible  to  an  inspector  on  the  inside  at  least  five  years 
before.  The  groove  was  of  a  very  peculiar  form,  at  least  to  me. 
The  plate  had  apparently  been  eaten  down  or  corroded  about  one- 
third  of  the  way  through.  This  corrosion  extended  back  some 
distance  from  the  seam.  Then,  close  alon^i:  the  seam,  the  groove 
was  a  very  sharp  one,  appearing  as  if  it  had  been  formed  almost 
as  a  crack,  gradually  extending  downward  into  the  plate,  but  cor- 
roding as  it  extended  downward.  The  result  was  that  in  the  ex- 
ploded boiler  the  plates  showed  this  groove  to  be  narrow  and  deep, 
extending  about  one-third  of  the  way  through  the  plate,  about 
\  of  an  inch  wide  at  the  top,  running  down  to  a  sharp  groove  at 
the  bottom,  all  corroded,  so  that  in  order  to  tell  the  depth  of  the 
groove  Avhen  the  plate  was  not  fractured  it  was  necessary  to  put 
a  sharp  point  in,  as  of  a  pen-knife.  Such  measurements  showed 
that  the  thickness  of  the  remaining  material  was  less  than  one- 
third  of  the  original  thickness  of  the  plate ;  that  is,  less  than  \  of 
an  inch. 

I  should  be  very  much  interested  in  hearing  how  wrought-iron 
plates,  such  as  were  used  for  boilers,  were  made  as  long  ago  as 
thirty-two  or  thirty-three  years,  for  those  plates  must  have  been 
made  that  long  ago  to  have  been  in  this  boiler. 

Mr.  Ilenning. — Professor  Aid  rich's  surmise  that  I  have  in- 
cluded " the  effects  of  scale"  in  "local  defects"  is  quite  correct. 
They  are  visible  to  any  trained  eye.  I  should  like  to  refer  to  the 
effect  of  scale  aside  from  pitting,  grooving,  etc.,  and  point  out  the 
difference  in  the  appearance  of  the  plates  within  the  boiler  in  the 
presence  or  absence  of  scale. 

If  the  crown  sheet,  for  instance,  becomes  red  hot  and  the  steam 
comes  in  contact  with  it,  a  distinctly  characteristic  blue  scale  will 
be  formed,  which  is  shown  in  some  of  these  test  pieces,  and  that 
blue  scale  is  never  found  when  there  is  scale  on  the  metal.  When- 
ever there  is  scale  on  the  metal  there  will  be  a  red  rust,  and 
generally  a  velvety  brown  rust  which  either  sticks  to  the  scale  or 
to  the  steel  when  the  scale  is  removed ;  but  the  particular  blue 
scale  that  is  formed  Avith  low  Avater  Avhen  the  metal  is  red  hot  and 
the  steam  comes  in  contact  Avitli  it  is  quite  characteristic.  I  do  not 
think  it  can  be  formed,  because  it  requires  steam  in  contact  Avitli 
red-hot  iron  to  produce  that  non-corrosive  scale.  That  scale  is  so 
non-corrosive — it  is  reall}^  the  same  thing  as  the  non-corrosive  scale 
produced  by  the  Bower-Barff  process — that  it  will   remain   for 
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years  on  a  boiler  that  lias  been  standing  in  the  round-house  where 
engines  have  been  blown  olf  and  Jired  up,  and  I  have  known  cases 
where  that  scale  has  been  perfectly  clear  and  self-evident  after 
five  years  and  so  plain  that  it  just  looked  as  though  a  ])ainter  had 
])ainted  one  part  of  the  sheet  between  two  sets  of  staybolt  holes, 
on  opposite  sides,  the  most  perfect  blue,  the  so-called  steel  blue, 
while  either  side  of  that  band  the  mill  scale  was  still  on  the  plate, 
but  rusty ;  but  as  soon  as  the  rust  Avas  cleaned  off  the  original 
mill  scale  became  visible.  It  is  so  characteristic  that  once  you 
know  it  you  cannot  fail  to  identify  it.  That  scale  does  not  appear 
under  the  boiler  scale,  such  as  deposits  of  lime  and  other  substances. 
It  can  only  appear  when  the  steam  comes  in  contact  with  the  red- 
hot  metal.  In  reference  to  jacking  up  furnaces  after  the  crown 
sheets  have  settled,  I  wish  to  say  that  it  is  an  expedient  Avhich  will 
do  after  a  battle,  and  until  you  can  get  to  a  navy  yard  and  pull 
out  that  crown  sheet  and  put  in  another  one.  But  such  crown 
sheet  is  injured  by  such  treatment,  and  why  is  easily  explained. 
Let  us  take  a  stress-strain  diagram  of  steel — I  Avill  not  speak  of 
iron — and  it  is  always  characteristic  that  the  elastic  line  0  Y^  is 
nearly  straight  up  to  a  certain  point,  Y^^  and  then  above  that  point 
the  line  begins  to  fall  off  very  rapidly  in  the  horizontal  direction  be- 
cause the  elongation  increases  rapidly  (Fig.  221).  Now,  if  steel  be 
tested  as  it  comes  from  the  rolls  and  has  not  been  treated,  its  curve 
at  the  point  called  the  3^ield  point  will  be  very  similar  to  that  rep- 
resented by  OY^.  The  part  OY^  is  the  elastic  curve.  If  the  steel 
had  been  red  hot  this  same  line  would  have  taken  a  shape  more 
nearly  like  that  shown  by  0  Y^ ;  that  is,  it  would  have  dropped 
down  a  little,  probably,  and  then  gone  up  very  gradually,  while 
in  the  first  case  that  corner  at  R  would  have  been  rather  sharp. 
If  that  material  in  the  crown  sheet  had  been  jacked  up  cold,  we 
should  find  a  new  yield  point,  which  is  at  the  point  Y^.  Xow, 
apparently  the  material  has  a  higher  elasticity  than  it  had  at  first, 
but  the  actual  strength  of  the  material  will  be  still  about  the  same 
as  it  was  before,  but  it  will  not  elongate  as  much  as  it  did  before, 
and  if  it  is  jacked  up  again  w^e  will  again  raise  the  yield  point  up 
to  that  point,  Y^^  and  the  curve  beyond  Y^  becomes  more  nearly 
straight,  and  we  will  again  have  nearly  the  same  strength  of  ma- 
terial, but  the  curve  will  be  shortened  at  3,  and  if  we  do  that  jack- 
ing up  frequently  the  steel  will  be  ruined,  and  likely  to  give  trouble. 
If  the  furnaces  were  first  heated  and  then  jacked  up  hot  the  sheets 
would  in  each  case  be  stretched,  and  their  ductility  lessened.     As 
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the  heating  would  be  only  local  (in  spots)  excessive  stress  would  be 
brought  on  the  sheet  "svhere  the  color  is  no  longer  red,  but  blue, 
and  it  is  a  well-known  fact  that  it  is  dangerous  to  work  steel  at 
that  heat.  The  stress-strain  diagram  of  the  red-hot  material  would 
resemble  0Y^2^  showing  weaker  and  softer  material,  Avhile  the 
diao-ram  of  the  blue-hot  steel  would  resemble  0  Y^  3.     In  either 

O  3 

case  the  steel  would  suffer  injury,  and  it  is  only  a  question  of  time, 
or  number  of  repetitions  of  such  treatment,  to  injure  the  furnaces 
irreparably  thereby. 

As  the  corrugations  in  the  furnaces  mentioned  are  made  while 


Fig.  224. 


the  steel  is  at  a  red  heat,  the  stress-strain  diagram  of  the  steel 
would  be  like  0  Y^  2 ;  the  steel  would  be  softer,  have  a  lower  yield 
point  and  resistance,  but  greater  elongation  than  in  its  original 
condition,  and  it  is  not  in  quite  as  good  a  condition  as  plate  in  the 
condition  in  which  it  comes  from  the  rolls.  Iron  which  has  been 
in  use  a  long  time,  subject  to  heat,  will  behave  as  shown  by  0  Y^  3, 
except  that  its  tensile  resistance  will  be  decreased.  That  is,  if  it  be 
tested  after  a  long  period  of  use  it  will  fail,  showing  very  slight 
elongation.  Iron  was,  of  course,  made  in  different  ways  ;  some  was 
rolled  out  of  properly  rerolled  iron  carefully  piled,  w^hile  some  Avas 
simply  rerolled  cover  plates,  then  filled  up  with  scrap,  producing 
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a  good  surface,  of  good  ductile  material,  so  called,  which  is  ductile 
but  which  would  not  wear  well  in  service.  Old  boilers,  very 
many  of  them,  at  least,  were  made  of  such  material ;  it  is  very 
rare  to  find  any  iron  that  was  made  thirty  years  ago  in  service  in 
any  boilers.  I  have  never  seen  anytliing  like  it.  But  all  of  these 
effects  can  be  distinctly  traced  by  a  careful  test.  They  have  been 
so  well  studied  and  so  clearly  defined  that  all  that  is  necessary  to 
do  is  to  make  a  sufficient  number  of  tests  of  different  parts  of  the 
same  boiler,  and  the  evidence  adduced  from  such  tests  will  gener- 
ally, in  fact  I  tliink  almost  invariably,  explain  what  has  happened 
to  the  material. 

Prof.  Forrest  R.  Jones. — The  material  which  was  spoken  of  as 
coming  from  the  exploded  boiler,  and  which  was  tested  by  tension 
and  bending,  had  not  been  subjected  to  the  heat  of  the  furnace, 
since  it  was  part  of  the  cylindrical  portion  of  the  boiler  ahead  of 
the  wagon  top  and  in  front  of  the  fire-box,  coming  from  the  side 
of  the  boiler  ;  that  is,  not  just  at  the  bottom.  It  came  from  the 
water  portion  of  the  boiler.  It  was  not  in  contact  with  the  fire 
at  all. 

Mr.  W.  M.  McFarland. — I  think  it  would  be  well  for  Mr.  Hen- 
ning,  on  account  of  one  statement  which  he  has  made,  to  define  it 
a  little  more  clearly.  I  understood  him  to  say,  in  reply  to  Pro- 
fessor Aldrich's  question,  that  the  plan  of  jacking  up  a  furnace  by 
heating  the  part  that  had  bagged  and  setting  it  out  Avould  do  as  a 
temporary  expedient  until  you  could  get  to  a  navy  yard  and  take 
the  furnace  out,  from  Avhich  I  infer  that  his  idea  is  that  if  the  fur- 
nace had  bagged  once  that  was  the  end  of  it.  So  far  as  my  ex- 
perience goes  that  is  by  no  means  the  case,  and  from  his  own 
remarks  a  little  later,  where  he  spoke  of  successful  jackings  of  a 
furnace,  evidently  he  did  not  mean  it  either.  Inasmuch  as  he  has 
investigated  the  subject  so  thoroughly,  I  think  it  Avould  be  well 
if  he  would  give  some  idea  as  to  how  many  times  he  thinks  the 
operation  could  be  performed  with  reasonable  assurance  of  safety. 

Mr.  Henning. — I  did  not  intend  to  intimate  that  one  jacking 
up  or  reheating  to  a  very  small  amount  had  that  effect.  I  said 
that  repeated  reheating  and  repeated  jacking  up  would  gradu- 
ally produce  this  condition.  The  amount  of  jacking  up,  or  the 
number  of  times  that  the  space  between  stay  bolts  can  be  jacked 
up,  depends  on  the  amount  of  deflection  that  has  to  be  rectified. 
It  is  not  possible  to  make  a  general  statement  in  any  case  as  to 
how  often  it  can  be  done.    It  depends  on  many  conditions.    Every 
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time  the  furnace  is  jacked  up  the  metal  is  injured  more  or  less, 
and  seams  and  rivets  may  also  be  loosened.  How  often  that  can 
be  done  properly  I  cannot  say.  I  did  not  intend  to  say  that  you 
would  have  to  take  the  furnace  flue  out  if  it  was  done  once,  but 
only  if  it  is  frequently  done  Avith  the  crown  sheets  by  simply  putting 
a  jack  under  the  low  part  and  jacking  it  up. 

Mr.  3feFarland. — Perhaps  we  are  thinking  of  different  things. 
You  were  evidently  speaking  of  a  locomotive  fire-box.  I  had  in 
mind  a  marine  corruf^ated  furnace:  that  was  what  1  was  talking^ 
about.  So  far  as  I  know  with  reo:ard  to  the  corrug-ated  furnaces 
in  marine  boilers,  this  process  of  jacking  up  is  quite  a  frequent 
thing. 

Mr.  Henning. — My  statement  refers  to  any  material  which  is 
treated  in  that  manner.  If  material  is  strained  in  such  a  manner 
as  to  change  its  shape  permanently  its  quality  will  always  be  in- 
jured. If  a  furnace,  whether  corrugated  or  staybolted,  has 
changed  its  shape  the  material  can  never  again  be  upset  so  as  to 
bring  it  to  its  original  condition.  The  section  of  some  parts  of 
the  corrugations  under  treatment  and  some  parts  of  the  boiler 
will  also  be  strained,  and  this  will  produce  injurious  effects  in  any 
material,  which  cannot  be  done  often  without  serious  injury.  If 
the  sheets  are  heated  locally  the  effect  is  equally  bad.  If  an 
entire  flue  were  heated  simultaneously  the  injurious  effects  would 
be  slight,  under  moderate  temperatures  ;  but  it  is  always  a  thing 
which  tends  to  injure  the  boiler.  It  makes  no  difference  what  kind 
of  a  boiler  it  is.  I  am  speaking  of  the  effect  on  the  steel,  while  the 
effect  on  the  boiler  is  something  that  can  be  demonstrated  by 
superficial  inspectiqu,  which  is  a  totally  different  thing.  Although 
the  treatment  described  affects  the  steel  injuriously,  the  boiler  as 
a  machine  is  neither  destroyed  nor  even  made  immediately  dan- 
gerous. Frequent  similar  treatment  will  no  doubt  produce  notice- 
able effects,  which  would  become  more  pronounced  were  it  not  for 
the  fact  that  an  ample  factor  of  safety  is  provided  in  the  original 
design  of  the  furnace.  It  is  possible  that  the  original  method  of 
manufacturing  corrugated  furnaces  sometimes  materially  weakens 
the  steel.  But  proper  testing  would  demonstrate  such,  effects.  It 
may  be  necessary  to  jack  up  low  spots  in  corrugated  furnaces,  but 
it  certainly  cannot  do  otherwise  than  gradually  injure  the  material. 

It  is  my  opinion  that  the  furnaces  of  the  Indiana  and  Detroit 
"  had  come  to  be  down,"  because  salt  deposited  on  the  low  parts 
of  corrugations  and  flat  portions  allowed  the  furnaces  to  become 
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red  hot  in  spots.  If  for  any  reason  a  large  area  had  become  red 
hot  there  would  have  been  failure  of  the  furnaces.  Those  parts  of 
the  furnaces  which  did  not  become  red  hot  supported  the  weak- 
ened spots,  and  their  surplus  strength,  due  to  large  factor  of  safety, 
prevented  actual  collapse.  It  is  possible  that  a  small  amount  of 
local  bulging  of  the  furnaces  causes  the  scale  or  salt  deposit  to 
crack  off,  or  water  to  flow  in  and  thus  cool  off  the  metal  before 
actual  failure  had  taken  place.  This  action  is  possible.  The  over- 
heating of  small  areas  of  course  injures  the  steel  if  it  reaches  a 
high  degree.  The  subsequent  jacking  after  heating  adds  addi- 
tional injury  by  local  reheating  and  by  forcing  the  material  back 
into  its  approximate  position.  Such  necessary  deformation  can- 
not be  anything  but  injurious,  not  only  because  of  necessary  de- 
formation of  the  furnace,  but  also  because  of  actual  injury  to  the 
metal.  Reheating  steel  without  subsequent  uniform  reworking 
always  weakens  boiler  plate,  and  it  is  only  a  question  of  frequency 
of  such  treatment  before  palpable  injury  will  arise.  I  have  no 
hesitation  in  saying  that  most  positive  measures  should  be  taken 
to  prevent  such  downward  bulging  of  corrugated  furnaces.  It  is 
of  course  true  that  a  great  many  tricks  are  employed  in  practical 
management  of  steam  boilers,  which,  although  injurious  to  their 
life,  are  almost  necessary  to  keep  the  ships  in  running  order  and 
earning  money.  On  the  other  hand,  if  boilers  are  designed  and 
operated  in  such  manner  that  such  treatment  becomes  unnecessary, 
there  can  be  no  question  that  they  would  remain  in  good  service 
for  an  indefinite  period. 

The  short  life  of  marine  boilers  is  notorious.  Rough  treatment 
causes  deterioration  and  necessitates  constant  watchfulness  and 
attention.  It  will  hardly  be  denied  that  land  or  inland  boilers 
remain  in  service  for  a  much  longer  period  than  marine  boilers, 
and  no  doubt  the  hard  usage  the  latter  get  is  largely  responsible 
therefor. 
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THE  POWER  PLANT  OF  A   UNIVERSITY, 

BY   EDWARD  A.  DARLING,  NEW  YORK   CITY. 

(Member  of  the  Society.) 

Introductory. 

One  of  the  foremost  industries  in  the  United  States  to-day,  as 
well  as  the  most  widely  spread,  is  that  which  is  commonly  known 
as  the  "  higher  education." 

From  the  earliest  days  of  the  settlement  of  this  country  this 
industry  lias  been  most  carefully  fostered  and  encouraged,  and 
its  growth  has  been  normal  at  all  times  to  the  growth  of  the 
country. 

It  is  no  longer  a  thing  apart,  cloistered  in  monastic  seclusion, 
wrapped  up,  for  the  most  part,  in  questions  of  dogma  or  abstract 
philosophy,  and  emitting  from  time  to  time  flashes  of  light  of 
more  or  less  illuminative  value  to  the  mass  of  mankind,  but  it 
is  to-day,  in  this  country,  a  corporate  part  of  the  body  politic, 
instinct  with  the  life  of  the  people,  alert  to  respond  to  the  needs 
and  requirements  of  a  rapidly  moving  age,  and  throbbing  with 
a  patriotism  that  rarely  fails  to  respond  in  time  of  trouble. 

It  has  received  the  countenance  and  support  of  men  of  every 
shade  of  religious  and  political  opinion.  It  has  been  nurtured 
and  enriched  by  private  munificence  and  subsidized  by  national 
and  State  legislation,  and  is  to-day  accounted  one  of  the  chief 
bulwarks  of  the  state,  as  well  as  the  foremost  of  the  forces  that 
make  for  the  upbuilding  of  the  commonwealth. 

That  gifts  to  universities  and  colleges  have  not  always  proved 
unmixed  blessings  has  been  largely  due  to  two  causes.  The 
first  was  the  common  mistake  of  trying  to  get  "  too  much  for 
your  money,"  as  evidenced  by  the  erection  of  buildings  of  undue 
dimension,  and  of  more  or  less  flimsy  construction,  which  become, 
in  time,  burdens  on  the  institution  owning  them,  through  the 
moral  obligation  imposed  of  keeping  them  in  use  and  repair. 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Tranaactiont. 
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Tlio  second  was  tliat  eudowinonts  for  professorsliips  and 
lectureships  were  invested  in  funds  or  real  estate  which  bore  too 
high  a  rate  of  interest  to  be  stable,  or  the  gifts  were  so  specific 
in  character  that  they  could  not  be  applied  to  other  needs,  when 
the  original  objects  were  no  longer  considered  worthy  of  attain- 
ment. 

The  testimony  of  a  large  majority  of  the  boards  of  manage- 
ment  of  institutions  of  learning  to-day  would  be  that  the  most 
useful  gift  is  that  wliich  is  least  specific  in  character. 

It  has  been  a  universally  recognized  principle  in  the  adminis- 
tration of  the  higher  education  that  the  institution  offering  it 
should  be  as  independent  as  possible  of  the  fees  of  its  students, 
to  the  end  that  the  quality  of  the  instruction  should  not  be 
influenced  by  the  need  of  increasing  the  number  of  fees  received. 

The  same  law  that  in  the  commercial  world  influences  people 
to  buy  where  they  can  get  the  most  and  the  best  for  their  money 
is  at  work  in  the  educational  world,  and  where  the  intending 
student  is  not  deterred  by  sentimental  or  family  considerations, 
he,  or  his  guardian,  selects,  as  his  future  alma  mater  that  institu- 
tion which  makes  the  best  tender  to  him,  counting  carefully  the 
quantity  and  quality  of  its  educational  advantages,  the  prestige 
of  its  degree,  the  cost  of  tuition,  and  of  living  while  in  attend- 
ance, the  distance  from  his  home;  and  last,  but  not  least,  it 
must  be  said,  its  athletic  and  social  possibilities,  so  important 
in  the  mind  of  the  intending  student. 

The  universities  of  America  are  trusts,  existing  for  the 
avowed  purpose  of  giving  to  the  student  as  much  education  as 
possible — more  than  he  has  paid  for. 

The  same  causes  which  make  for  success  or  failure  in  the  com- 
mercial world  operate  here,  and  should  be  as  carefully  con- 
sidered as  where  the  end  in  view  is  the  purely  selfish  one  of 
earning  dividends. 

It  may  be  that  these  educational  trusts  will  not  attain  their 
full  measure  of  usefulness  until  they  come  to  realize  the  meaning 
of  an  industrial  trust,  with  its  combination  of  capital,  its  wise 
conservation  of  energy,  and  its  avoidance  of  unnecessary  and 
ruinous  competition. 

Of  course  it  would  not  be  expedient,  nor  would  it  be  necessary 
to  carry  the  process  of  combination  to  the  extreme  limit  which 
it  has  reached  in  some  of  the  industries,  but  surely  there  are 
opportunities  for  consolidation  in  the  case  of  groups  of  universi- 
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ties,  colleges  and  professional  schools,  almost  within  sight  of 
each  other,  working  at  cross  purposes  to  similar  ends,  wasting 
to  a  certain  extent  their  own  energies  and  the  funds  of  those 
who  support  them,  doing  this  unwittingly  and  unselfishly  too, 
for  it  often  means  hardship  to  those  engaged  in  such  fruitless 
competition. 

This  process  of  combination  would  not  only  inure  to  the 
benefit  of  those  most  directly  concerned — the  faculties  and 
students — but  would  tend  to  raise  the  standards  of  scholarship 
and  of  professional  training  throughout  the  whole  country. 

A  recent  example  of  consolidation  along  somewhat  similar 
lines  might  be  cited  in  the  uniting  of  the  Astor,  Lenox,  and 
Tilden  foundations  into  the  New  York  Public  Library. 

Competition  may  be  the  life  of  trade,  but  it  can  easily  be  the 
death  of  progress  in  education.  Its  application,  excepting  at 
long  range,  should  surely  be  as  unnecessary  in  the  propagation 
of  the  higher  education  as  it  would  be  in  carrying  on  the  postal 
system  or  in  providing  water  supply  for  a  community. 

The  varied  activities  of  a  modern  university  make  necessary 
the  operation  and  maintenance  of  a  library,  a  comprehensive 
system  of  lecture  and  recitation  halls,  laboratories,  and  work- 
shops, which  are  in  themselves  so  many  industrial  enterprises 
on  a  small  scale  ;  a  system  of  museums,  hospitals  and  clinics ;  an 
astronomical  observatory ;  a  printing  and  publishing  establish- 
ment ;  an  experimental  farm,  arboretum  and  botanical  garden, 
equipment  for  scientific  expeditions  and  field  work ;  a  chapel 
and  academic  theatre  ;  a  gymnasium,  with  its  attendant  features, 
baths,  athletic  field  and  boathouse ;  a  refectory,  dormitories 
and  other  buildings  devoted  to  the  informal  and  social  life  of  its 
students,  and  in  addition  to  all  these  the  necessary  plant  to 
furnish  light,  heat,  power,  ventilation,  water,  gas,  etc.,  wherever 
needed. 

The  personnel  of  a  university  includes  besides  its  president, 
board  of  trustees  or  governors,  and  the  officers  of  instruction, 
who  form  the  "line,"  a  body  of  administrative  officers  which 
may  be  called  the  "  staff,"  and  a  force  of  petty  officers  and  en- 
listed men,  which  includes  clerks,  engineers,  mechanics,  janitors, 
porters,  messengers,  firemen,  gardeners,  laborers,  etc. 

The  government  of  an  enterprise  of  this  kind  must  be  carried 
on  with  an  eye  single  to  the  main  purposes  in  view — to  husband 
its  resources  and  increase  its  capital  and  plant  to  meet  the  in- 
43 
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creasiufi;  demands  of  latter-day  civilization  ;  to  recruit  carefully 
from  the  best  material  obtainable  its  teaching  and  administra- 
tive force,  men  and  women  who  will  in  turn  seek  to  add  strength 
to  the  institution  in  every  way  possible. 

To  foster  and  encourage  instruction  and  research  in  branches 
which  do  not  appeal  to  popular  favor,  but  which,  none  the  less, 
make  for  the  well-being  of  the  body  politic. 

To  stimulate  and  help  those  Avho  hunger  for  education,  but 
lack  the  means  of  paying  for  it,  without  encouraging  the  evasion 
of  just  payment  by  those  who  can  and  should  make  due  return 
for  their  education. 

To  maintain  an  impartial  attitude  toward  all  the  professions 
to  which  it  sends  recruits,  where  there  is  the  constant  tendency 
on  the  part  of  one  or  another  of  these  professions  to  secure, 
through  its  representative  in  the  teaching  force,  an  undue 
amount  of  attention  and  an  unfair  share  of  its  funds,  at  the  same 
time  giving  to  each  professional  school  the  greatest  possible 
latitude  for  development  and  usefulness  in  its  own  peculiar  field. 
In  short,  to  increase  the  scope  of  the  institution,  and  add  to  its 
usefulness  in  every  way  possible. 

The  economic  relation  which  exists  between  the  teaching  force 
of  a  university  and  its  material  plant  is  very  much  the  same  as 
that  which  exists  in  an  industrial  establishment  between  the 
working  force  it  employs  and  the  equipment  which  it  operates. 

A  manufacturing  concern  which  would  hold  its  own  in  this  age 
of  keen  competition  must  not  only  employ  the  very  best  engineer- 
ing and  administrative  talent,  and  the  most  intelligent  and  efii- 
cient  labor,  but  it  must  also  have  well-arranged,  commodious 
buildings,  and  machinery  which  embodies  the  very  best  and 
latest  practice  in  its  particular  field. 

To  neglect  either  the  personnel  or  the  materiel  is  to  court 
gradual  decay  and  ultimate  defeat. 

In  all  relations  between  mind  and  matter  a  nice  balance  is 
difficult  to  maintain,  but  it  should  none  the  less  be  striven  for, 
and  to  ignore  or  underrate  the  full  value  of  either  part  of  the 
equation  is  the  part  of  unwisdom. 

The  operation  of  a  university  on  the  material  side  is  becom- 
ing more  and  more  a  matter  of  concern  to  those  who  direct  its 
destinies  and  who  have  to  provide  the  funds.  To  keep  down  the 
fixed  charges  in  what  may  be  called  its  housekeeping  depart- 
ment to  the  closest   limit  consistent  with  efficient  service;  to 
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maintain  its  equipment  at  the  highest  state  of  efficiency ;  and  to 
secure  the  erection  of  buiklings  best  suited  to  the  purpose  for 
which  they  exist,  and  which  shall,  by  their  symmetry  and  dignity, 
give  architectural  expression  to  this  purpose — these  are  all 
questions  of  the  very  first  importance. 

In  planning  and  operating  its  buildings  and  equipment,  ad- 
vantage should  be  taken,  not  only  of  the  experience  of  other 
universities,  but  of  the  experience  of  those  who  may  have 
worked  out  solutions  of  some  of  their  problems,  with  perh'aps 
greater  success,  in  the  commercial  and  industrial  world. 

From  recently  compiled  statistics  it  appears  that  the  colleges 
and  universities  of  the  United  States  carry  on  their  rolls  165,0U0 
students,  and  employ  10,000  teachers. 

They  have  an  aggregate  capital  of  three  hundred  millions  of 
dollars,  and  their  annual  disbursements  amount  to  fifty-two 
millions. 

Great  as  these  figures  seem,  they  are  relatively  small  when 
we  consider  the  vital  importance  of  this  interest  to  the  whole 
country,  and  when  we  remember  that  a  single  railroad  corpora- 
tion has  an  invested  capital  more  than  twice  as  large  as  all  the 
universities  and  colleges  together,  and  when  we  consider  the 
yearly  budget  of  the  city  of  New  York  alone  to  be  ninety  mil- 
lions of  dollars. 

It  is  the  purpose  of  this  paper  to  describe  the  design  and 
installation  of  the  engineering  plant  of  one  of  our  universities, 
to  show  in  outline  the  building  equipment  it  serves,  and  to  give 
a  few  pages  from  the  log-book  of  the  operation  of  this  plant. 

If  the  telling  shall  prove  of  interest  to  the  members  of  the 
Society,  and  be  of  some  small  profit  to  those  directly  interested 
in  similar  enterprises,  its  object  will  have  been  attained. 
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COLUMBIA    UNIVKUSITY. 

Tlio  liistory  of  this  university  is  lu^t  uulikn  that  of  others 
among  the  ohler  universities  of  this  country. 

Like  these,  it  began  in  a  small  way,  with  a  single  professor, 
who  was  also  its  president,  instructing  a  half  score  of  students, 
without  an  endowment  or  even  a  home  of  its  own.  And  it 
has  gradually  grown  as  others  have  grown,  until  to-day  it 
numbers  its  teachers  by  the  hundred,  its  students  by  the 
thousand,  and  measures  its  capital  by  the  million. 

It  counts  among  its  graduates  men  who  have  left  a  mightv 
impress  on  affairs  of  state  and  church  and  science. 

During  the  period  from  its  foundation  as  King's  College,  in 
1754,  until  the  breaking  out  of  the  Revolution,  it  showed  its 
loyalty  to  the  Crown  by  sending  out  twelve  graduates  who 
became  officers  in  the  British  army,  and  one  who  became  an 
admiral  in  the  British  navy.  These  men,  in  time,  did  their  part 
toward  the  expansion  of  what  is  now  the  British  empire. 

When  the  Revolution  came  twelve  others  clave  unto  their 
native  land  and  became  officers  of  the  Continental  army,  five 
others  were  delegates  to  the  Continental  Congress,  and  in  the 
stormy  period  that  immediately  followed  the  Revolution  three 
others,  Hamilton,  Jay  and  Morris,  exercised  a  paramount  influ- 
ence in  the  formulation  and  ratification  of  the  Constitution  of 
the  United  States. 

During  this  period  the  name  of  the  institution  was  changed 
from  King's  College  to  Columbia,  the  first  time  that  name  was 
made  use  of  in  history. 

General  Washington,  who  we  should  be  proud  to  remember 
was  an  engineer,  lent  his  aid  to  the  rehabilitation  of  the  college, 
giving  his  surveying  instruments  to  form  a  beginning  for  an 
engineering  equipment,  and  entering  his  stepson  as  a  student. 

In  the  early  part  of  the  present  century  three  of  its  graduates 
took  a  hand  in  the  development  of  engineering  in  this  country. 
John  Stevens  introduced  the  steam  railway  and  the  screw  pro- 
peller, Chancellor  Livingston  furnished  the  funds  for  Fulton's 
experiments,  and  De  Witt  Clinton  cut  the  Erie  Canal. 

During  the  years^^-that  have  intervened  between  that  time  and 
this,  Columbia  College  has  paralleled  the  work  of  itr  sister 
universities  and  colleges  with  varying  success. 
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Although  it  has  been  called  Columbia  College  until  very 
recently,  it  has  almost  from  the  first  exercised  the  functions  of  a 
university,  in  graduating  men  in  the  learned  professions ;  and 
its  -schools  of  medicine,  law,  political  science,  philosophy  and 
mines,  have  long  been  among  the  foremost  in  this  country. 

Like  its  neighbor,  the  University  of  Pennsylvania,  it  has  always 
carried  on  its  work  within  the  confines  of  a  great  city,  and  has 
been  compelled  to  move  its  site  from  time  to  time  as  the  city 
grew  and  compelled  it  to  seek  more  roomy  quarters. 

While  these  removals  would  seem  to  be  a  disagreeable  and 
wasteful  necessity,  on  second  thought  they  appear  to  work  a 
great  advantage,  in  that  they  permit  a  renewal  of  youth  on  the 
part  of  the  institution,  and  the  erection  of  buildings  more  suitable 
to  the  needs  of  succeeding  generations. 

The  university  proper  is  now  occupying  its  third  site,  and  the 
medical  school  has  had  no  less  than  ^\e  removals. 

In  1887  the  medical  school,  or  more  properly  the  College  of 
Physicians  and  Surgeons,  was  moved  into  its  present  spacious 
quarters  in  Fiftj-ninth  Street,  and  just  ten  years  later  the  other 
departments  of  the  university  took  possession  of  the  new  site  on 
Morningside  Heights. 

The  College  of  Physicians  and  Surgeons  is  now  located  oppo- 
site a  great  hospital,  in  a  district  best  suited  to  its  activities, 
and  the  university  proper  is  seated  on  a  hill-top,  in  a  region  of 
quiet,  where  the  currents  of  traffic  are  not  likely  to  disturb  it 
for  many  generations  to  come. 

Both  sites  are  on  Amsterdam  Avenue  and  from  the  clock 
tower  of  the  College  of  Physicians  and  Surgeons  the  dome  of 
the  library  looms  up  three  miles  away  to  the  northward. 

The  present  home  of  the  College  of  Physicians  and  Surgeons 
was  almost  wholly  provided  for  by  gifts  from  different  members 
of  the  Yanderbilt  family,  namely,  the  purchase  of  the  site  and 
the  erection  of  the  original  building  by  William  H.  Yander- 
bilt, and  the  subsequent  additions  of  the  clinic,  the  Institute 
of  Anatomy,  and  the  Sloane  Maternity  Hospital,  which  were 
provided  for  by  the  sons,  the  son-in-law  and  the  daughter  of 
Mr.  Yanderbilt. 

The  present  dean  of  the  college,  Di'.  James  W.  McLane,  had 
been  the  means,  in  the  first  instance,  of  enlisting  this  powerful 
interest  in  the  upbuilding  of  the  school,  and  since  its  reincorpora- 
tion as  an  integral  part  of  the  university,  which  took  place  in  the 
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second  year  of  President  Low's  administration,  it  has  reached  the 
very  front  rank  of  the  world's  medical  schools,  with  an  equipment 
which  is  at  once  the  most  modern  and  most  complete  in  exist- 
ence. 

A  ground  plan  and  a  view  of  the  buildings  as  they  stand  to-day, 
taken  from  the  grounds  of  the  Roosevelt  Hospital  opposite,  are 
shown  in  Figs.  225,  226,  227. 

The  lines  of  the  buildings  as  they  were  erected  in  1887  are 
hatched  inside  the  lines  of  the  completed  structures,  and  give 
some  idea  of  the  rapid  growth  that  has  taken  place,  a  growth  that 
was  hardly  foreseen,  for  it  might,  perhaps,  have  been  placed  to 
better  advantage.  The  experience  gained  along  this  line  by  the 
trustees  was,  however,  soon  to  be  made  use  of  in  planning  for  the 
new  university. 

The  buildings  are  of  a  plain  and  most  substantial  character,  and 
do  credit  to  the  skill  and  good  judgment  of  the  architect  who 
designed  them,  Mr.  W.  Wheeler  Smith.  The  total  investment  for 
buildings  and  equipment  is  something  over  two  and  a  half  millions 
of  dollars. 

When  the  original  buildings  were  erected  the  power  plant, 
which  was  located  in  the  basement  of  the  principal  building,  con- 
sisted of  a  battery  of  five  horizontal  tubular  boilers,  working  under 
40  pounds  steam  pressure,  which  furnished  steam  for  heating 
and  for  the  operation  of  a  300-light,  belted  bipolar  generator, 
seven  ventilating  fans,  a  steam  laundry,  and  a  single  hydraulic 
elevator. 

Th  generator  was  run  from  4  until  10  p.m.,  during  the  winter 
months,  for  lighting  the  large  lecture  rooms  and  dissecting  room 
in  the  main  building. 

The  only  call  for  steam  all  the  year  round  was  for  operating 
the  laundry  in  the  hospital.  Simple  as  this  plant  was,  it  was  then 
the  most  complete  of  its  kind  in  this  country. 

When,  in  1891,  the  medical  school  became  a  corporate  part  of 
the  university,  and  it  then  began  to  share  the  benefits  of  the  gen- 
eral endowment,  the  consequent  extension  of  the  curriculum  made 
necessary  the  extension  of  buildings  and  equipment. 

TJiis  extension  covered  a  period  of  six  years,  and,  beginning 
piecemeal,  it  was  difficult  to  see  at  first  the  lines  along  which  the 
growth  would  take  place. 

The  problem  which  this  growth  presented,  of  providing  for  the 
physical  needs  of  those  who  carry  on  modern  medical  education. 


Til \^^=  ACTIONS  American  Society  of  Mechanical  Engineers.     Vol,  XX. 

M jn_ 


I'.DWAUD    A.     l)AH 


n 

\       NC^TM  "'  '''  WING 


ANATDMY 


}p    c^  IT  !□ 


SOUirl      :  ,,  -  WING 


u 


Ns  Amkuican  Sociktv  ok  Mkciianical  Engineers.     Voi-.  XX. 


I'iDW.Mtn    A.    I>AI{1, 


Jf^^ 


THE   POWER   PLANT   OF  A   UNIVERSITY. 


671 


gave  an  opportunity  not  only  to  provide  for  their  expressed 
needs  but  also  to  give  to  this  body  of  workers  the  facilities  of  a 
modern  hotel,  office  building,  or  factory,  in  so  far  as  they  could 
make  use  of  such. 

The  result  has  not  proved  disappointing.  The  field  of  medical 
education  has  been  so  long  a  terra  incognita  to  the  average  lay- 
man, wrapped  in  a  seclusion  that  is  most  natural  and  fitting,  no 
doubt,  that  one  should  not  have  felt  surprise  at  finding  this  school, 


III*" 


Fig.  227. 


in  common  with  all  others,  keeping  its  dissecting  material  on  ice 
or  in  pickle. 

A  20- ton  refrigerating  machine  was  promptly  installed  and 
put  to  work,  not  only  on  this  material  in  storage,  but  also  in  cool- 
ing the  ail'  for  the  great  dissecting  room  in  the  top  of  the 
building. 

It  is  interesting  to  note  in  this  connection  that  when  it  was 
proposed  to  make  this  installation,  the  consensus  of  opinion 
among  the  members  of  the  faculty  was,  that  while  it  would,  no 
doubt,  be  a  good  thing  for  anatomy,  the  other  departments  did 
not  need  it  in  their  business. 
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That  this  attitude  only  showed  conservatism  in  a  profession 
tliat  must  be  conservative,  above  all  things,  is  evidenced  by  the 
fact  that  now  artificial  refrigeration  is  used  everywhere  in  the 
school  where  it  can  be  used,  and  has  opened  up  fields  for  most 
fruitful  investigation. 

Its  successful  cf{)eration  here  has  been  followed  by  its  adoption 
in  several  other  medical  schools  and  hospitals,  both  in  this 
country  and  abroad. 

The  details  of  this  part  of  the  plant  will  be  given  further  on. 
The  subject  has  been  referred  to  here  merely  to  illustrate  the 
wisdom  of  seeking  to  find  new  fields  for  old  appliances. 

The  evident  intention  of  the  university  trustees  to  advance 
the  school  as  rapidly  as  possible  was  shown  in  the  immediate 
addition  of  two  stories  to  the  north  wing  of  the  main  building, 
which  was  immediately  responded  to  by  the  original  donors, 
who,  in  turn,  provided  funds  for  extensions  that  have  doubled 
the  original  capacity  of  the  buildings. 

To  enlarge  the  power  plant  and  its  accessories  in  a  way  that 
would  entail  the  least  waste  of  money  already  invested,  and  yet 
make  a  creditable  engineering  exhibit  of  the  whole  outfit  from 
the  standpoint  of  operating  expenses,  which  ought  to  be  the 
viewpoint  of  people  who  have  to  live  on  a  fixed  income,  was  a 
comparatively  simple  matter ;  although  the  putting  together  of 
a  plant  of  the  kind,  which  must  run,  at  least  in  part,  day  and 
night  all  the  year  round,  and  which  must  serve  a  nervous  and 
exacting  population  that  cannot  be  expected  to  understand 
breakdowns  or  stoppages,  demanded  careful  reflection. 

Then  there  was  the  little  matter  of  "  indents,"  as  McPhee 
would  say,  and  the  fact  that  a  mistake  will  stare  one  in  the  face 
for  a  long  time.  When  a  college  gets  a  thing,  it  usually  has  to 
keep  it  until  it  wears  out  or  somebody  gives  it  another. 

The  revamped  plant  is  shown  in  plan. 

The  boilers  are  placed  in  a  compartment  by  themselves,  under 
what  is  in  effect  a  court  between  the  main  building  and  the 
institute  of  anatomy,  on  the  east  side,  with  coal  bunkers  of 
350  tons  capacity  opening  into  this  compartment  from  the  cellar 
of  the  nortli  wing. 

The  space  between  the  boiler  room  and  the  engine  room  con- 
tains the  feed  pumps  and  elevator  pump,  the  20-ton  ice  ma- 
chine, and  the  heating  and  ventilating  system  for  the  original 
main  building,  air  being  delivered  to  the  fans  by  down-takes 


rx.  *w.-r..r-.M    -ilnPiFTV   OF   MlTHVNICAL   ENGINEEHS.       VOL.    XX, 

TiiANSArnoiJs  American  >ocifty  uh  mn-. 


Transactioks  American  Society  ok 


Mechamcal  Enoikeeus.    Vol..  XX, 


i:i.wuci>  A.  1.. 


THK    POWER   PLANT   OF   A    UNIVERSITY.  673 

wliich  are  built  up  a<^ainst  the  wall  to  the  level  of  the  third 
story,  this  arrangement  being  now  used  for  all  the  fans  in  the 
entire  group  of  buildings,  to  the  end  that  we  may  serve  air  as 
free  from  dust  as  possible. 

The  engine  room  occupies  a  space  similar  to  the  boiler  room, 
to  the  west  of  the  main  building.  Like  the  boiler  room,  it  is 
amply  lighted  by  skylights,  and  is  free  from  columns  or  obstruc- 
tions of  any  kind. 

This  room  contains  the  engines  and  generators,  the  water- 
service  pumps  and  filters,  and  the  50-ton  ice  machine.  The 
chief  engineer,  who  has  a  desk  in  this  room,  can  keep  an  eye  on 
the  water,  light,  and  refrigerating  service  without  leaving  his 
chair. 

Two  views  are  here  given  of  the  engine  room,  one  looking 
north  toward  the  switchboard,  the  other  looking  south  toward 
the  ice  machine.     (Figs.  228  and  229.) 

This  room  opens,  it  will  be  observed,  north  into  the  basement 
of  the  Yanderbilt  Clinic,  where  the  fans,  heating  stacks,  and 
elevator  machinery  of  that  wing  may  be  readily  got  at,  and  where 
are  also  located  the  repair  shop  and  storage  batteries,  east, 
into  the  boiler  room,  south,  into  the  Fifty-ninth  Street  wing, 
where  the  brine  tanks  and  cold  storage  chambers  are  located, 
and  west,  through  a  tunnel  into  the  basement  of  the  Sloane 
Maternity  Hospital.  At  the  beginning  of  this  tunnel  may  be 
noted  a  hatchway,  for  the  taking  in  and  out  of  machinery  from 
the  driveway  overhead  to  the  engine  room  below. 

This  point,  by  the  way,  is  occasionally  overlooked  in  the  plan- 
ning of  buildings,  as  some  of  our  members  may  know  to  their 
sorrow. 

The  plant  is  called  on  to  serve  the  college  proper  in  full  opera- 
tion during  eight  months  of  the  year,  and  to  a  limited  extent 
during  four  months,  and  the  hospital  and  clinic  the  whole  year 
round. 

This  exacting  service  knows  no  respite  on  Sundays  or  holidays, 
and  requires  for  its  operation  a  chief  engineer,  two  assistants, 
one  machinist,  two  oilers,  two  firemen,  and  two  coal-passers  who 
act  also  as  helpers. 

This  force  is  divided  to  stand  two  twelve-hour  watches. 

On  Sundays  and  holidays,  the  work  being  lighter,  the  force 
alternates  on  shore  leave. 

The  wages  paid  are  as  high  as  the  average  in  New  York  city, 
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aud  every  man  is  given  two  weeks'  holiday  in  tlie  summer.  Full 
]);iy  is  given  for  absence  on  sick  leave,  and  the  facilities  of  the 
clinic  are  extended  to  all  the  employees.  The  policy  here  out- 
lined secures  for  the  university  a  capable  and  willing  service. 

The  /^oilers. 

There  are  five  horizontal  tubular  boilers,  16  feet  by  54  inches, 
rated  at  60  horse-power  each,  carrying  40  pounds  pressure,  used 
for  heating  purposes,  and  two  water-tube  boilers  of  the  Root 
pattern,  rated  at  150  horse-power  each,  having  108  4-inch  tubes, 
]2  feet  long,  working  at  110  pounds  pressure,  supplying  steam 
for  power. 

All  the  boilers  deliver  their  flue  gases  through  an  overhead 
breeching  to  a  brick  chimney  90  feet  high,  having  an  effective 
area  of  14  square  feet.  This  stack  bad  a  36-incli  cast-iron  pipe 
set  in  it  when  first  built  to  serve  the  original  boilers,  and  when 
the  new  boilers  were  added  this  was  abandoned  and  tlie  annular 
space  around  the  pipe  used  as  a  stack.  Hobson's  choice.  We 
may  some  day  go  back  to  the  iron  pipe,  and  use  a  blower  or  an 
exhauster.  The  present  method  gives  an  ample  draught,  however, 
and  the  pipe  is  anchored  into  the  brickwork  in  a  way  that  .defies 
extraction. 

Anthracite  buckwheat  coal  is  used  and  is  wheeled  in  large 
barrows  from  the  bunkers.  The  ashes  are  wheeled  in  the  same 
way  to  a  hydraulic  hoist,  which  in  turn  delivers  to  carts  stand- 
ing in  the  court,  where  the  coal  is  weighed  and  delivered 
through  a  chute  to  the  blinkers  below. 

Feed  water  is  taken  from  two  pumps,  which  in  turn  take  water 
from  the  feed  heater  and  the  return  and  drip  tanks. 

Grease  extractors  are  used  throughout,  and  no  difficulty  has 
ever  been  experienced  from  the  little  oil  that  gets  into  the 
boilers. 

The  page  from  the  log-book  (see  table  facing)  gives  a  week's 
run  of  the  plant. 

Yentilating  and  Heating  System. 

Air  is  forced  into  t!ie  buildings  by  a  series  of  blowers  located 
in  the  basements  of  t!io  different  buildings.  The  blowers  which 
were  put  in  first  are  belted  t )  engines,  the  central  group  of  fi^-e 
being   driven   by  a  single    high-speed    automatic   engine ;    the 
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newer  fans  are  motor  driven,  and  it  is  hoped  in  time  to  have 
them  all  operated  in  this  way. 

Exhaust  fans  are  used  for  accelerating  the  removal  of  foul  air 
from  laboratories  where  fumes  are  generated. 

Heating  is  done  on  both  the  direct  and  indirect  system.  In 
tbe  buildings  first  erected  a  system  of  twin  ducts,  one  giving  hot 
and  one  cold,  was  installed;  mixing  dampers  set  back  of  the 
register  in  each  room  being  regulated  to  give  the  desired  tem- 
perature, the  cold  air  by-passing  the  heating  stack  set  back  of 
each  fan. 

In  the  newer  buildings  the  incoming  air  is  tempered  as  re- 
quired, and  radiators  are  placed  under  each  window.  The  entire 
system  was  installed  by  Mr.  William  J.  Baldwin,  and  has  proved 
satisfactory  in  operation. 

The  most  difficult  point  to  ventilate,  as  may  well  be  imagined, 
is  the  dissecting  room. 

This  room  contains  seventy-six  tables  all  told,  and  is  the 
largest  in  use  anvwhere. 

As  first  constructed,  it  extended  the  whole  length  of  the  south 
wing  and  was  lighted  by  a  series  of  large  skylights  of  the 
ordinary  pattern.  During  the  winter  months  there  was  no 
trouble  in  controlling  the  temperature  in  the  room,  but  when 
the  sun  was  high,  in  the  fall  and  spring,  the  skylights  acted  like 
the  roof  of  a  greenhouse,  and  heavy  canvas  aAvnings  had  to  be 
rigged  over  their  southern  facets. 

When  the  L  was  added  to  the  south  wing  and  its  top  story 
was  thrown  into  the  dissecting  room  as  an  enlargement,  we 
borrowed  a  leaf  from  the  book  of  experience  of  those  who  oper- 
ate factories,  and  put  a  weaving-shed  roof  on,  to  give  north 
li'rht  only. 

Fresh  air  is  sprinkled  into  the  dissecting-room  through  the 
perforated  cornice  extending  all  the  way  round,  and  the  foul  air 
escapes  through  registers  located  near  the  floor.  In  warm 
weather  re^jisters  set  at  the  base  of  the  skvlights  and  in  the 
enils  of  the  weaving  sheds  are  opened  and  the  system  reversed. 

When  the  first  ice  machine  was  put  in  we  set  up  a  coil  of  1\- 
in^li  brine  pipe,  containing  over  a  mile  of  pipe,  in  the  settling 
chamber  of  the  ventilating  fan  that  supplied  this  room,  and 
when  the  temperature  of  the  outside  air  rose  above  70"  turned 
ou  the  brine  circulation  and  held  the  temperature  down  to  the 
point  named. 
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This  scheme,  though  effoctive,  proved  very  wasteful  in  opera- 
tion, as  the  air  was  reheated  in  coming  up  through  the  outside 
buikling  walls. 

When  the  new  wing  was  added  we  absorbed  the  heat  directly 
by  running  brine  coils  along  the  ends  of  the  weaving  sheds,  and 
we  find  this  way  more  efficient.  While  the  room  would  hardly 
pass  muster  as  a  sanitarium,  the  air  is  remarkably  good  at  all 
times. 

As  the  arrangement  described  is  the  first  of  its  kind,  a  photo- 
graph, which  has  been  reproduced  in  Fig.  230,  may  prove  inter- 
esting. 

Attention  is  called  to  the  drip  trough  under  the  coils. 

Perhaps  the  chief  benefit  derived  from  the  use  of  the  cooling 
coils  is  the  drying  effect  produced  on  the  incoming  air.  On 
humid  days  a  considerable  stream  of  water  trickles  away  in  the 
troughs. 

It  is  a  well-known  fact  that  in  dry  climates,  even  where  a  high 
temperature  obtains,  meat  is  cured  in  the  open  air.  Moisture 
in  the  air  induces  decomposition  and  the  consequent  generation 
of  offensive  gases. 

Brine  coils  are  also  used  for  cooling  the  air  and  extracting  its 
moisture  in  sultry  weather,  in  the  ventilating  system  of  the 
Maternity  Hospital.  In  ihis  case  the  coils  are  distributed  in 
the  down-take  air  shaft,  and  they  are  staggered  in  order  to  baffle 
the  current  and  at  the  same  time  render  the  coils  easy  of  access 
for  inspection  and  painting.  A  vertical  section  of  the  shaft  is 
shown  in  Fig.  231. 

Refrigerating  Plant. 

This  consists  of  two  Polar  absorption  machines,  one  of  50 
tons  capacity,  the  other  rated  at  20  tons. 

The  choice  of  this  system  was  made  on  account  of  the  com- 
parative simplicity  of  its  operation  and  its  freedom  from  noise 
and  vibration,  in  a  place  where  these  points  are  all-important. 

The  large  machine  is  used  during  the  warm  months  and  the 
smaller  for  the  light  service  demanded  during  cool  weather. 

Steam  is  supplied  to  the  generators  at  45  pounds  pressure, 
through  the  medium  of  a  reducing  valve. 

The  50-ton  machine  requires  a  working  charge  of  700  pounds 
of  anhydrous  and  5,000  pounds  of  aqua  ammonia,  and  the  20-ton 
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machine  300  pounds  of  anhydrous  and  2,100  pounds  of  aqua 
ammonia. 

Condensation  is  provided  for  by  the  circulation  of  the  house- 
service  water,  a  large  amount  of  water  fortunately  l)eing  used 
throughout  the  buildings.  A  brave  attempt  was  made  to  get 
well  water  for  this  work,  on  account  of  its  uniformly  low  tempera- 
ture, but  a  hole  8  inches  in  diameter,  driven  down  250  feet  in  the 
seamy  gnarled  rock  formation  on  which  New  York  stands,  barely 
yielded  enough  moisture  to  wet  the  drills. 

The  driller  offered  to  go  on  till  he  struck  the  usual  possi- 
bilities, after  the  manner  of  his  kind,  at  $5  per  foot,  perhaps  ; 
but  we  tarried  there.  Some  day  we  may  take  counsel  of  our 
courage  and  make  another  stab  at  it.  Others  have  succeeded, 
and  this  is  not  commonly  counted  a  dry  town. 

Chloride  of  calcium  has  been  used  from  the  first  in  making  up 
the  brine,  of  which  there  is  50  tons  in  circulation.  It  does  not 
corrode  the  pipes  in  the  first  place,  does  not  deposit  at  zero 
temperature  in  the  second  place,  and  it  costs  little,  if  any,  more 
than  common  salt. 

Particular  attention  is  called  to  what  may  seem  the  abnormal 
size  of  the  brine  tanks. 

Those  who  are  familiar  with  New  York  weather  will  remem- 
ber that  it  blows  hot  and  it  blows  cold  in  a  somewhat  trying 
manner. 

The  large  tanks  act  as  storage  batteries,  so  to  speak,  and  take 
care  of  the  peaks  of  the  load,  allowing  the  ice  machines  to  follow 
the  even  tenor  of  their  way  at  a  normal  working  rate. 

During  the  hot  weather  the  machines  are  run  day  and  night, 
catching  up  at  night  on  the  heavy  drafts  made  on  them  by  the 
heat  of  the  day. 

During  cold  weather  the  machines  are  shut  down  for  as  long 
as  forty-eight  hours  at  a  time,  the  great  body  of  cold  brine  rising 
only  a  few  degrees  in  temperature  during  that  time,  the  only 
sign  of  life  about  the  plant  being  the  slow-moving  brine  pump. 

The  work  they  are  called  on  to  perform  is  of  a  varied  charac- 
ter. The  cooling  of  the  ventilating  air  has  already  been  alluded 
to.  There  is  in  addition  the  operation  of  two  cold-storage  rooms 
for  the  department  of  anatomy,  these  rooms  ranging  from  10 
degrees  to  20  degrees  Fahr. ;  a  cold-storage  room  for  patholog- 
ical material,  kept  at  about  30  degrees  Fahr. ;  a  series  of  refrig- 
erator compartments  for  bacteriological  cultures,  ranging  from 
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10  degrees  to  GJ  degrees  Falir.  as  required  ;  three  cold-storage 
rooms  and  six  refrigerators  for  keeping  vegetables,  meat,  milk, 
and  other  food  supplies  in  bulk  and  in  detail  in  the  hospital. 
Then  in  addition  to  these  is  the  making  of  the  ice  needed  in  the 
whole  establishment,  averaging  about  250  pounds  per  day. 

It  would  be  a  somewhat  difficult  and  intricate  matter  to  keep 
a  tally  sheet  on  all  this  work  as  an  index  to  its  efficiency,  al- 
though both  machines  have  been  carefully  tested  and  found  able 
to  exceed  their  rated  capacity  on  the  coal  and  water  consump. 
tion  stated  in  the  specifications. 

What  is  more  important,  from  the  operator's  standpoint,  is  the 
knowledge  that  they  have  furnished  continuous  service  without  a 
serious  breakdown  since  the  first  one  was  installed,  six  years  ago. 

The  form  of  log  kept  for  the  ice  machines  is  here  shown  : 


TABLE  J. 

columbta  college. — medical  department. 

Daily  Record  op  Refrigerating  Apparatus. 
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There  are  two  combination  fnu^^lit  and  ])assenger  hydraulic 
elevators  and  a  hydraulic  ash  lift  in  the  main  buildin^^  and  the 
institute  of  anatomy  wing,  served  by  a  14  by  10  by  12  duplex 
pump  located  in  the  engine  room. 

The  elevators  are  of  the  ordinary  Otis  type.  The  ash  lift  was 
specially  designed  by  the  Otis  Company,  and  is  worthy  of  notice 
on  account  of  its  extreme  simplicit}',  quick  motion,  and  ease  of 
handling.     It  is  shown  in  the  accompanying  cut  (Fig.  232). 

The  ash  buckets  are  lifted  directly  from  the  level  of  the  boiler 
room  floor  to  the  tail  of  the  cart,  to  be  dumped,  the  load  rising 
at  double  the  speed  of  the  ram. 

In  the  hospital  and  clinic  there  are  two  electric  passenger  ele- 
vators and  two  electric  freight  elevators,  one  of  which  delivers 
supplies  to  the  hospital  kitchen,  which  is  located  on  the  sixth 
floor.  An  electric  dumb-waiter  operates  between  the  kitchen  and 
the  dining  rooms  of  the  w^ards  on  the  floors  below. 

This  arrangement  of  wards,  by  the  way,  renders  isolation  in 
case  of  sepsis  a  comparatively  easy  matter.  It  also  makes  easy 
the  disposition  of  soiled  clothing,  etc.,  by  means  of  a  large 
copper-lined  chute  with  inlets  at  each  floor  and  delivering 
directly  into  the  laundry  in  the  basement. 

Auxiliary  Apparatus. 

Under  this  heading  may  be  mentioned  :  The  steam  sterilizers 
for  the  operating  rooms,  in  which  all  the  paraphernalia  of  a 
modern  surgical  operation  is  sterilized. 

The  air  compressor  for  supplying  air  under  pressure  for  opera- 
tions on  the  nose  and  throat,  the  air  having  been  previously 
freed  from  dust  by  passing  through  a  filter  chamber  filled  with 
cotton-wool. 

The  culture  ovens  and  sterilizers  used  in  the  bacteriological 
preparation  room,  some  of  which  are  shown  in  Fig.  233. 

The  principal  feature  of  this  outfit  is  the  sterilizer,  which  we 
designed  for  the  preparation  of  serum  on  a  large  scale.  The 
test  tubes,  filled  wdth  serum  and  corked  with  cotton-wool,  are 
placed  in  wire  baskets,  which  in  turn  are  deposited  on  wire  trays 
resting  on  lugs  cast  on  the  inner  w^all  of  the  sterilizer,  which  is 
a  simple  steam-jacketed  kettle.  The  heavy  lid  of  the  kettle  is 
counterbalanced  and  comes  down  on  a  thick  rubber  gasket,  made 
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steam-tiglit  by  means  of  hiu<ro,  bolts.  Steam  is  then  turned  either 
directly  into  the  kettle  or  into  th(^  jackc^t  as  may  be  re({uired  ;  a 
trap  returns  the  condensation  to  the  drip  tank  in  tlui  boiler  room. 

Some  idea  of  the  extent  to  which  mechanical  engineering 
serves  medical  instruction  may  be  given  when  we  state  that  the 
physiological  laboratory  uses  100  feet  of  line  shafting  in  its 
business  and  keeps  a  first-class  machinist  busy  making  and 
set'ing  up  apparatus  all  the  time. 

In  the  department  of  anatomy  there  is,  in  addition  to  tlie 


Fig.  )lo'6. 


refrigerating  equipment  already  mentioned,  a  macerating  room 
fully  equipped  with  steam  and  corrosion  vats  and  a  reverbera- 
tory  cremating  furnace  in  which  a  fuel-oil  blast  is  used.  The 
work  in  this  room  covers  the  preparation  of  material  for  the 
museum  of  human  and  comparative  anatomy,  and  the  apparatus 
used  must  be  of  sufficient  capacity  to  take  care  of  the  largest 
mammals. 

Several  elephants  have  emerged  from  its  processes  in  the 
form  of  gleaming  skeletons. 

The   articulating  and  mounting  of  bones  are  done  in  a  well- 
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equipped  little  shop  hy  a  uiacliiiiist  who  ]ias  Ix^eii  trained  here 
iu  this  line,  and  who,  like  his  mate  in  Physiolo<^3',  was  recruited 
from  a  neighboring  iron-works. 

An  addition  to  this  equipment  is  contemplated  in  the  shape 
of  an  outfit  for  making  frozen  sections  of  entire  animals,  which 
will  be  fastened  down  on  a  carriage  and  run  through  a  band 
saw. 

In  concluding  this  part  of  the  paper,  it  is  only  fair  to  state 
the  impression  of  the  writer,  gained  in  an  extended  period  of 
service  in  this  direction,  that  there  is  now  no  profession  more 
keenly  alert  to  the  advances  made  along  what  it  perceives  are 
parallel  lines  in  other  fields  of  human  effort  than  the  medical 

profession. 

The  x^eio  Site. 

When,  in  1891,  the  trustees  came  to  the  conclusion  that 
Columbia  University  could  not  very  well  grow  with  a  roaring 
railroad  on  one  side  and  prohibitive  real- estate  values  on  the 
other  three  sides,  they  appointed  a  committee  on  site  to  report 
what  had  best  be  done  under  the  circumstances. 

Immediately  there  began  to  come  advice  to  the  committee 
from  all  sides,  the  alumni,  the  press  of  the  city,  and  friends  who 
take  an  interest  in  Columbia's  welfare. 

Some  thought  that  the  university  should  be  taken  bodily  out 
of  the  city  and  be  planted  in  the  country  where  ground  was 
cheap  and  shade  was  plenty. 

Others  took  the  view  that  the  college  or  academic  dej)artment 
might  be  given  a  sylvan  retreat,  but  that  the  professional 
schools  had  best  be  kept  in  close  touch  with  city  life. 

The  committee,  after  patiently  hearing  all  sides,  took  the  safe 
middle  ground  and  recommended  to  the  trustees  the  purchase 
of  a  site  wdiich,  while  it  lay  on  the  exact  geographic  equator  of 
the  city,  was  in  a  region  of  parks  and  broad  avenues  and  was  of 
sufficient  extent  to  ensure  ample  breathing  space  and  the  oppor 
tunity  for  great  expansion. 

The  name  of  this  region  was  originally  Bloomingdale,  an  an ;:li- 
cized  form  of  Blomendael,  a  suburb  of  Haarlem,  which 'is  in 
turn  a  suburb  of  the  old  city  of  Amsterdam — names  most  appro- 
priately given  by  the  Dutch  pioneers  to  their  then  new  settle- 
ments, and  pity  it  is  that,  in  the  ruthless  growth  of  the  city, 
these  old  names  bid  fair  to  be  merged  into  mere  numbered 
wards  and  districts  so  meaningless  when  compared  with    the 
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historic  regions  of  Rome,  which  have  lasted  down  the  centuries 
and  almost  tell  its  liistory. 

One  of  the  battles  of  the  Ilevolution  was  fought  on  this 
ground,  and  during  the  war  of  1812  a  line  of  earthworks  was 
thrown  up  across  it  to  defend  the  city  from  the  north. 
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In  18:25  it  was  purchased  by  the  New  York  Hospital  for  the 
establishment  of  an  insane  asylum,  and  the  name  became  almost 
a  byword  in  the  land. 

-     The  purchase  of  the  site,  at  a  cost  of  two  million  dollars,  was 
completed. 
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It  comprised  a  plot  16  ^  acres  iu  extent  lying  between  Amster- 
dam Avenue  and  Broadway  on  tlie  east  and  west  and  between 
One  Hundred  and  Sixteenth  Street  and  One  Hundred  and 
Twentieth  Street  south  and  nortli. 

The  trustees  immediately  entered  upon  a  campaign  of 
deliberate  and  careful  study  of  the  problem  before  them.  This 
campaign  covered  a  period  of  three  years,  and  not  one  moment 
of  time  was  wasted.  It  meant  simply  "  Be  sure  you  are  right, 
til  en  go  ahead." 

It  meant  the  development  of  a  building  plan  that  would  be  in 
effect  a  written  constitution  for  the  growth  of  the  university  for 
at  least  two  generations  to  come  ;  a  j^lan  that  would  combine 
architectural  dignity  and  symmetry  with  a  mobility  that  would 
meet  the  constantly  changing  needs  of  university  lifa  and  would 
provide  for  the  ultimate  use  of  every  foot  of  ground  for  buildings 
that  could  be  fairly  demanded  by  succeeding  generations  of 
teachers  and  students. 

Architecture  is  perhaps  the  oldest  art  in  the  world,  and  the 
development  of  such  a  plan  did  not  call  for  invention  on  the 
part  of  the  advisory  commission  of  architects  whom  the  trustees 
called  to  their  aid. 

Building  schemes  in  every  variety  of  form  that  have  required 
ages  for  their  realization  exist  in  the  cities  of  Europe,  and  a 
patient  process  of  selection  and  adaptation  will  yield  sure  and 
safe  results. 

After  a  careful  survey,  which  included  a  series  of  borings,  a 
topographical  relief  map  of  the  site  was  made  (Fig.  23^),  and 
comparative  plans  for  the  entire  development  were  submitted 
by  the  architects,  who  composed  the  advisory  commission. 

The  plan  from  Messrs.  McKim,  Mead  &  White  proved  most 
acceptable  to  the  trustees,  and  that  firm  was  retained  to  carry 
forward  the  work. 

At  first  it  was  thought  that  the  substantial  group  of  buildings 
formerly  used  by  the  asylum,  and  representing  an  investment  of 
$900,000,  might  be  worked  into  the  plan,  in  order  to  lighten  the 
financial  burden  that  began  to  loom  large  in  the  development, 
but  it  soon  became  apparent  that  they  would  have  to  be  ignored, 
because  they  prevented  any  scientific  development  of  the  ground 
as  a  whole.  Accordingly  only  such  as  did  not  immediately 
interfere  with  the  nev/  buildings  could  be  made  to  serve  tem- 
porary purposes. 
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A  patient  process  of  (^volution  jukI  reduction  liiially  brought 
the  plan  to  tlie  form  lin ally  a(lo])te(l,  whicli  is  shown  in  Fig.  236, 
to'^ether  Avitli  profiles  running  north  and  south  on  the  major 
axis,  and  east  and  west  on  tlie  minor  axis,  of  the  group  (Figs. 
237  and  238> 
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The  plan  called  for  the  creation  of  a  great  platform,  750  by 
575  feet,  comprising  the  southern  portion  of  the  plot,  taking  the 
highest  natural  level,  which  w^as  150  feet  above  the  Hudson 
River  and  from  12  to  25  feet  above  the  surrounding  streets. 

On  the  centre  line  of  this  platform  the  library  building  (Fig. 
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252)  was  to  form  tlie  pivot.  Directly  back  of  tlie  library,  which 
faced  south,  University  Hall,  coiitaininpj  the  refectory,  aca- 
demic theatre,  gymnasium,  baths,  and  power  plant,  was  to  be 
placed ;  and  flanking  the  library  on  the  east  and  west  were  four 
groups  of  educational  buildings,  forming  as  many  quadrangles. 

The  basements  of  the  buildings  on  the  outer  line  of  the  plat- 
form are  entirely  above  ground,  and  the  breaks  between  the 
buildings  are  connected  by  retaining  walls. 

The  basements  of  the  inner  line  of  buildings  facing  the  library 
are  entirely  below  ground. 

The  buildings  have  a  common  height  of  69  feet  from  water- 
table  to  cornice,  and  the  height  of  stories  is  the  same  in  all 
buildings  except  the  library  and  University  Hall. 

North  of  the  platform  the  natural  level  of  the  ground  con- 
formed nearly  to  the  level  of  the  surrounding  streets,  and  a  fine 
grove  of  trees  that  occupied  this  portion  suggested  the  creation 
of  a  college  green,  to  be  surrounded  by  an  ornamental  fence 
and  interlaced  with  drives  and  walks. 

When  the  plan  had  been  decided  on,  two  institutions,  which 
are  now  a  part  of  the  university  system,  the  Teachers'  College 
and  Barnard  College,  purchased  sites  directly  facing  the  green, 
to  the  north  and  west. 

It  has  been  subsequently  decided  to  place  four  dormitories 
around  the  green  for  the  accommodation  of  students.  These  are 
shown  on  the  plan,  lettered  A,  B,  C,  and  D. 

The  Italian  Kenaissance  was  the  style  decided  on  for  the 
entire  group  of  buildings,  as  being  best  adapted  for  au  urban 
composition,  giving  as  it  does  the  greatest  opportunity  for 
securing  abundant  light  and  that  flexibility  of  treatment  de- 
manded by  the  diverse  and  constantly  changing  phases  of  uni- 
versity life. 

Uniformity  and  symmetry  in  plan  and  elevation  called  for 
harmony  in  color  and  texture. 

Granits  was  the  foundation  to  start  with,  and  it  was  accord- 
ingly adopted  for  all  basements,  retaining  walls,  steps,  and 
balustrades,  and  the  masonry  of  the  fences  and  gates. 

It  must  needs  be  of  a  warm  tone  to  harmonize  with  the  lime- 
stone of  which  the  axial  buildings  were  to  be  constructed,  and 
with  the  red  brick  and  limestone  of  the  outlying  buildings. 

All  pavements,  both  inside  and  outside  the  grounds,  are  of 
red  brick  with  Joliet  stone  borders.     The  entire  color  scheme  is 
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thus  kept  warm  in  tone,  an  effect  that  is  appreciated  in  iDuildings 
which  are  looked  at  most  in  winter,  and  that  harmonizes  well  with 
the  green  of  the  grass  and  trees  in  summer. 

With  a  view  to  securing  the  lowest  possible  insurance  rates, 
as  well  as  the  desire  to  avoid  the  inevitable  embarrassments 
and    delavs    caused    bv  fire,   it   was    decided   to   use    througrh- 

11,'  o 

out  the  most  approved  form  of  fireproof  construction.  All 
trusses,  girders,  and  beams  must  therefore  be  of  steel,  all 
columns  either  of  steel  or  iron,  and  all  floors,  partitions,  and 
roofs  of  hollow  brick  or  tile.  The  columns  and  girders  should 
be  protected  from  fire  by  tile  or  expanded  metal  lath,  plastered. 

Stairways  either  entirely  of  stone  or  of  iron  and  stone. 

To  make  the  roofs,  rain  leaders,  orutters,  and  skvlii^ht  framinc' 
as  durable  as  possible,  it  was  decided  to  use  copper  for  these 
purposes. 

The  plumbing,  heating,  and  ventilating  apparatus,  and  electric 
wiring  were  to  be  of  the  very  best  known  in  these  branches,  and 
plate  glass  was  to  be  used  for  all  windows.     All  other  appoint 
ments  were  to  be  of  the  grade  used  in  the  best  office-building 
construction. 

The  decision  to  build  along  these  lines  and  use  materials  of 
the  grades  noted  meant  the  setting  of  a  financial  pace  that  would 
be  difficult  to  follow.  While  it  showed  simjDly  a  determination 
on  the  part  of  the  trustees  to  live  up  to  the  often  preached  but 
too  seldom  practised  maxim  "  The  best  is  always  the  cheapest 
in  the  end,"  it  enlarged  the  financial  problem  in  a  way  that  was 
well-nigh  appalling,  for  the  money  needed  must  either  be  secured 
by  gift  or  borrowed  on  bond  and  mortgage. 

That  the  couras^e  of  the  men  who  administered  this  trust — for 
it  was  real  courage — was  not  misplaced  is  evidenced  by  the  fact 
that  four  out  of  the  six  buildinc^s  alreadv  erected  have  been 
provided  through  the  munificence  of  men  and  women  who 
believe  in  giving  a  university  the  best  buildings  the  art  of  the 
times  affords. 

It  is  the  privilege  of  one  who  is  perhaps  better  qualified  than 
auy  other,  through  a  knowledge  of  the  facts,  to  state  here,  in 
this  connection,  that  each  of  these  structures  was  built  absolutely 
without  restriction  from  the  donor  as  to  shape,  style,  texture,  or 
even  cost,  within  broad  limits. 

The  commissions  simply  read,  "Make  the  best  building  possi- 
ble for  the  purpose  intended  " 
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These  broad-miuded  LeiiefactorH  gave  their  confidence  with 
their  money,  and  their  confidence^  lias  been  met  with  a  spirit  on 
the  part  of  those  to  whom  it  was  j^ivc^ii  tliat  woidd  not  knowingly 
waste  one  penny  of  the  money. 

New  York  has  not  yet  satisfied  in  full  the  demands  made  on 
it  by  its  old  university,  but  it  will,  and  that  right  handsomely. 


Drainage. 

The  first  work  necessary  after  the  preparation  of  the  prelimi- 
nary plans — what  may  be  called  the  reconnaissance,  the  estab- 
lishment of  grades  and  levels — was  the  laying  out  of  a  compre- 
hensive system  of  drainage. 

This  was  entrusted  to  Messrs.  Waring,  Chapman  &  Farquhar, 
a  firm  of  civil  engineers  with  ample  experience  along  this  line, 
and  the  result  of  their  labors  is  shown  in  the  plan  exhibited  in 
Fig.  239. 

The  sewers  in  the  adjoining  streets  had  not  been  built,  and 
the  cooperation  of  the  Department  of  Public  Works  was  sought 
and  obtained,  with  the  result  that  the  city  permitted  the  uni- 
versity to  construct  these  sewers  in  connection  with  its  own 
work,  subject  to  the  approval  of  the  municipal  authorities. 

The  city  government  also  agreed  to  the  establishment  of 
street  levels  on  the  north  and  south  sides  of  the  plot  on  lines 
that  would  harmonize  with  the  university  plan.  This  was  a 
most  important  concession,  as  the  grades  ran  in  opposite  direc- 
tions on  each  of  these  streets,  and  the  effect  of  the  beautiful 
entrance  court  on  One  Hundred  and  Sixteenth  Street  would 
have  been  marred  by  an  abrupt  grade  at  this  point. 

The  main  sewers  are  of  the  regulation  oval  section  of  hard 
brick  laid  in  Portland  cement  mortar.  Branch  lines  and  con- 
nections are  of  heavy  vitrified  pipe.  It  will  be  noted  on  the 
plan  that  the  flow  is  divided  north  and  south  from  a  centre  line 
running  through  the  library  building.  The  undeveloped  part  of 
the  plateau,  together  with  the  old  buildings,  which  are  serving 
temporary  purposes,  had  to  be  taken  care  of;  and  in  order  to 
make  them  fit  the  plan  it  was  necessary  to  reverse  the  drainage 
from  them  and  send  it  into  the  new  system,  and  a  very  tedious 
and  expensive  operation  it  proved^  too. 

The  north  and  south  trunk  lines  from  the  interior  court  had 
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to  run  under  the  heavy  retaining  wall,  and  tlien  dip  down  to 
take  the  drainage  from  University  Hall  and  run  east  and  west 
under  the  driveway  and  coal  vaults  to  the  street  sewers.  At  all 
turns,  manholes  are  placed  for  access  in  case  of  stoppage.  The 
library  drains  right  and  left  to  the  two  lines  that  run  under  the 
south  court  to  the  sewer  in  One  Hundred  and  Sixteen. h  Street. 
The  outs' de  buildings  drain  directly  into  the  street  sewers  which 
lie  under  the  sidewalks  to  keep  out  of  the  way  of  the  Croton 
mains,  which  come  down  to  the  reservoir  in  Central  Park,  under 
Amsterdam  Avenue  and  Broadway. 

The  excavation  for  the  drainage  system,  together  with  that 
for  the  cellars  and  coal  vaults,  aggregated  over  80,000  cubic 
yards  of  rock  alone,  and  is  by  far  the  largest  undertaken  for 
building  purposes  thus  far  in  Manhattan  Island. 

Such  of  the  rock  as  was  not  used  for  rubble  masonry,  together 
with  the  loose  earth,  was  carted  up  and  dumped  behind  the 
great  retaining  wall,  which  was  the  first  structure  built  on  the 
grounds. 

This  wall  is  built  like  a  dam  to  withstand  the  pressure  from 
the  filling  as  it  settled,  and  is  6  feet  thick  on  the  crest  and  15 
feet  thick  at  the  base,  which  rests  on  solid  rock.  It  has  a  mean 
height  of  3S  feet,  and  although  originally  intended  to  act  only 
as  a  retaining  wall  it  was  subsequently  found  expedient  to  use 
the  central  portion  for  the  foundation  of  the  front  wall  of  the 
university  building,  which  now  rests  on  rock  bottom  all  arou.d. 

A  series  of  porous-tile  drains  lead  the  seepage  down  from  the 
back  of  this  wall  to  the  drain  under  the  floor  of  the  smoke  flue, 
which  was  cut  down  10  feet  in  the  bedrock  along  the  base  of 
the  wall. 

The  entire  bottom  of  University  Hall  had  eventually  to  be 
underdrained  to  relieve  the  pressure  from  the  many  little 
streams  of  surface  water  Avhich  found  their  way  down  and  up 
through  the  seams  of  the  rock  forma4on,  which  assumes  almost 
vertical  strata  in  this  part  of  Manhattan  Island.     <Fig.  240.) 

This  view  is  taken  from  a  point  near  the  east  chimney.  It 
shows  the  brick  underpinning  of  the  retaining  wall  and  gives  an 
idea  of  the  amount  of  drilling  required  in  cutting  out  the  smoke, 
air,  and  ash  tunnels,  close  up  to  the  footing  of  the  wall.  A  line 
of  holes  had  to  be  drilled  6  inches  apart  for  depths  varying 
from  20  to  30  feet  according  to  the  profile,  and  the  rock  wedged  off. 

The  opening  in  the  wall  leads  to  one  of  the  distributing  tunnels. 
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The  Poicer  Plant 

After  the  general  layout  had  been  determined,  the  question  of 
levels  demanded  most  careful  consideration.  There  was  involved 
in  this  question  not  only  the  drainage  system  and  the  probable 
cost  of  rock  excavation  on  a  great  scale,  but  the  important  point 
of  articulation  for  the  supply  of  heat,  light,  water,  power,  etc., 
to  the  various  buildings  and  for  the  transfer  of  freight  to  and 
from  the  library  and  the  scientific  departments. 

The  location  and  extent  of  the  power  plant  had  been  from  the 
first  kept  well  to  the  fore  by  the  writer,  who,  it  will  be  readily 
understood,  desired  that  the  engineering  of  the  enterprise  should 
at  least  be  in  keeping  with  the  architecture. 

In  all  educational  institutions  there  is  the  constant  tempta- 
tion to  kill  two  birds  with  one  stone  by  making  the  power  plant 
illustrate  the  various  phases  of  machine  design.  When  you  try 
this  you  generally  miss  both  birds,  and  produce  a  menagerie  of 
misfits. 

Whatever  value  a  power  plant  may  have  as  an  educational 
exhibit  must  depend  solely  on  how  well  it  serves  the  purpose 
for  which  it  was  designed. 

Combination  tools  are  usually  found  in  the  hands  of  amateur 
mechanics. 

Realizing  that  a  power  house  would  be  at  the  best  a  disturb- 
ing element  in  the  midst  of  academic  repose,  I  proposed  to  build 
it  down  on  the  bank  of  the  Hudson  River,  1,500  feet  west  in  an 
air  line,  sinking  a  shaft  from  the  centre  of  the  university  site 
and  connecting  from  this  a  tunnel  that  would  run  under  the 
Riverside  Park  and  the  New  York  Central  tracks  to  the  power 
house  built  out  over  the  water  on  piers.  Through  the  tunnel 
and  shaft  were  to  run  pipes  and  cables  for  the  supply  of  steam 
and  electricity,  and  a  light  railway  and  elevator  to  carry  freight. 

The  apparent  exhibition  of  force  at  the  university  would  then 
have  been  a  bank  of  valves  and  a  switchboard  in  the  basement 
of  the  central  building. 

This  scheme,  which  would  have  made  possible  the  transfer  of 
coal  directly  from  the  boats  to  bins  over  the  boilers,  and  the  use 
of  condensing  engines,  received  the  sanction  of  the  trustees  and 
the  consent  of  the  city  and  the  railroad  authorities. 

It  was  blocked  by  legislation  introduced  at  Albany  by  an 
organization  of  adjacent  property  owners,  who,  while  they  had 
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in  view  the  preservation  of  the  water  front  of  the  park,  could 
not  understand  that  a  constant  stream  of  coal  and  ash  carts  up 
the  hill,  with  a  smokestack  on  the  top  of  it,  would  he  far  more 
unsightly  than  a  solid,  handsome  structure  with  a  low  stack  for 
forced  draft,  under  the  hill.  These  men,  no  doubt,  meant  well, 
but  the  immediate  foreground  of  the  view  from  Grant's  Tomb  is 
at  this  moment  filled  by  a  great  ungainly,  unlovely,  garbage 
dump  that  the  city  had  to  establish  at  this  point,  and  another  is 
projected  almost  within  sight  to  the  south  of  it.  We  had  per- 
force to  retreat  within  ourselves  and  cut  a  great  cavern  in  the 
rock  to  hold  our  boilers  and  engines,  and  mask  our  chimneys  in 
the  building  overhead.  Fortunately  this  is  of  sufficient  bulk  to 
hide  a  multitude  of  sins. 

In  place  of  a  power  house,  the  site  selected  was  used  for  the 
erection  of  a  fine  boat  house  for  the  university  crews,  and  we 
proceeded  with  the  plan  for  a  power  house  in  the  centre  of  the 
site. 

In  order  to  determine  at  this  stage  of  the  jDroceedings  the 
amount  of  space  that  would  be  required  for  boilers  and  ma- 
chinery to  operate  the  entire  group  of  buildings,  the  writer  had 
to  draw  on  his  imagination  to  a  very  considerable  extent,  take 
all  he  could  get,  and  let  it  go  at  that. 

It  seemed  to  the  writer  that  what  might  be  called  the  "  archi- 
tectural "  part  of  the  problem  in  hand  was  relatively  more  im- 
portant than  that  which  related  to  the  tyj)es  and  sizes  of  boilers 
and  machinery,  for  the  reason  that  bricks  and  mortar,  in  the 
shape  of  buildings,  coal  vaults,  tunnels,  flues,  etc.,  would  prob- 
ably remain  indefinitely  as  fixtures,  while  the  plant  was  liable 
to  change  from  time  to  time  as  jDarts  of  it  wore  out  or  were  re- 
placed by  more  efficient  units,  as  the  state  of  the  art  advanced. 

The  first  consideration,  then,  was  to  secure  the  best  physical 
conditions  obtainable  in  the  allotment  and  disposition  of  space 
in  the  power  house  and  its  accessories,  having  in  mind  the  fact 
that  these  dispositions,  once  made,  would  become  fixed,  and  a 
mistake  or  misconception  along  this  line  would  remain  a  con- 
stant source  of  embarrassment,  not  only  to  ourselves  but  to 
those  who  would  come  after  us. 

As  the  power  plant  had  to  be  in  the  same  building  with  the 
gymnasium,  baths,  dining  hall,  and  theatre,  and  had  to  hold 
its  own  in  a  campaign  of  planning  and  counterplanning  which 
kept  the  building  on  the  drawing  boards  of  the  architects  for  a 
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year  and  a  half,  the  final  issue  from  the  conflict  with  a  room  165 
by  100  feet,  33  feet  high  in  the  clear,  was  not  bad. 

In  the  meantime  the  jjlans  for  the  educational  buildings  had 
been  carried  to  completion,  contracts  were  let,  and  the  buildings 
put  under  construction. 

Mr.  Alfred  R.  Wolff  had  been  retained  to  prepare  plans  and 
specifications  for  the  heating  and  ventilating  apparatus,  and  Mr. 
C.  O.  Mailloux  to  do  similar  service  in  electrical  wiring.  These 
gentlemen  were  requested  to  do  the  best  they  knew  how,  in 
their  respective  lines,  without  restriction,  and  that  they  rose  to 
the  occasion  has  been  demonstrated  by  the  outcome  of  their 
endeavors. 

It  was  agreed  that  a  steam  pressure  of  110  pounds  should  be 
maintained  throughout  the  distributing  mains  to  the  point 
where  it  met  the  reducing  valves  of  the  several  heating  systems, 
this  pressure  being  taken  as  the  limit  for  the  single -expansion 
engines  which  were  to  be  used  in  the  generating  plant. 

The  ventilation  throughout  was  to  be  on  the  plenum  system, 
the  blowers  overbalancing  the  exhausters  with  that  end  in  view. 
The  heating  was  to  be  on  what  is  known  as  the  direct-indirect 
system,  and  electric  motors  were  to  be  used  for  all  power  pur- 
poses excepting  for  drip  and  return  pumps,  which  were  to 
exhaust  directly  into  the  heating  stacks,  and  for  the  temperature- 
regulating  system  which  used  compressed  air  in  common  with 
the  book  and  message  despatch  system  for  the  library  building, 
the  exhaust  steam  from  the  power  house  to  be  used  for  heating 
the  two  large  buildings  on  the  major  axis. 

Direct  current  on  the  two-wire  system  was  to  be  used  for 
both  power  and  light,  with  an  initial  potential  of  120  volts. 

The  water  distribution  was  to  be  on  the  same  lines  as  that  in 
use  at  the  medical  school,  with  an  additional  unit  for  fire  pro- 
tection. 

When  we  began  to  get  down  to  facts,  as  the  buildings  devel- 
oped, it  became  apparent  that  the  entire  group  would,  when 
completed,  require  at  least  4,000  nominal  boiler  horse-power  and 
1,500  electrical  horse-power  for  their  operation  on  a  normal 
basis,  requiring  a  coal  consumption  of  15,000  tons  per  annum. 

The  service  furnished  by  the  power  house  covered  a  period  of 
eight  months,  when  the  university  is  in  full  operation,  and  a 
period  of  four  months  of  vacation,  when  only  the  library  build- 
ing is  in  use,  and  the  demand  for  light  and  power  would  be 
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reduced  to  a  minimum.  The  varying  conditions  of  weather,  as 
well  as  the  intermittent  use  of  the  buildings  during  term  time 
on  Saturdays  and  holidays,  called  for  a  wide  range  in  boiler 
power  and  engine  units,  in  order  to  attain  economical  operation. 
To  the  end   that  there  need  be  no  necessity  for  subsequent 
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Fig.  241. 
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cutting  or  alteration  of  the  building,  the  writer  decided  to  lay 
down  the  complete  plant  in  detail,  using  the  best  types  of 
standard  commercial  apparatus,  to  build  the  emplacements  for 
the  entire  plant,  and  put  in  at  once  so  much  of  it  as  would  be 
needed  to  operate  the  seven  buildings  then  in  course  of  erection 
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and  the  two  old  buildings  which  were  to  be  made  use  of, 
amounting  in  all  to  about  one-half  of  the  ultimate  service. 

The  plan  in  Fig.  241  shows,  in  outline,  the  power  house,  with 
the  coal  vaults  and  the  distributing  tunnels. 

Figs.  242  and  243  show  a  foundation  })lan  of  the  power  house, 
showing  flues,  air  and  ash  ducts,  etc.,  and  this  is  followed  by 
sections  taken  north  and  south  and  east  and  west,  through  the 
jDower  house  (Figs.  244  and  245). 

The  upper  tunnel  leads  south  from  the  floor  above  the  power 
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Fig.  240. 
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house  to  the  library.  Those  on  the  lower  level  lead  east  and 
west  to  the  vaults  on  the  level  with  the  basements  of  the  outer 
line  of  buildings,  and  open  into  a  gallery  that  runs  entirely 
around  the  room  19  feet  above  the  floor,  and  opening  out  on  to 
the  transverse  roadway,  which  runs  through  University  Hall 
and  separates  the  power  house  from  the  gymnasium. 

As  the  tunnels  had  to  be  built  in  filled  ground,  it  was  neces- 
sary to  allow  the  filling  as  much  time  as  possible  to  settle,  then 
cut  down  trenches  for  the  tunnels,  sheet-piling  the  sides,  build 
45 
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the  tunnels  in  the  open  and  fill  in  again  as  quickly  as  possible, 
to  allow  a  final  settlement  before  putting  down  the  court  pave- 
ments overhead. 

A  section  of  the  tunnels  showing  the  pipe  and  cable  carriers 
is  shown  in  Fig.  24G. 

The  coal  vaults,  of  which  a  section  is  given  in  Fig.  247,  have  a 
capacity  of  4,000  tons,  sufficient  to  supply  the  boilers  during  the 
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Fig.  247. 


ten  weeks  of  severe  winter  weather,  when  the  river  is  practically 
closed  to  navigation.  Coal  is  dumped  down  through  holes  that 
occur  at  regular  intervals  along  the  driveway.  No  trimming  is 
necessary,  and  it  is  served  to  the  boilers  as  required  on  a  system 
of  Hunt  tracks,  that  are  given  a  slight  down  grade  all  the  way  to 
the  boiler  room. 

Water  and  gas  mains  are  run  in  from  the  street  on  either  side, 
and  are  hung  up  in  the  upper  corners  of  the  vault,  where  they 
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are  always  open  to  inspection  as  the  flow  of  coal  leaves  the 
corners  unoccupied. 

Reference  to  plans  and  sections  of  the  power  house  will  show 
that  tlie  boilers,  which  have  the  maximum  length  of  tube  used 
in  this  type,  are  in  two  rows  facing  each  other,  with  just  sufficient 
room  in  the  alley  to  draw  a  tube  and  clear  the  gauge  glasses  in 
the  opposite  row.  North  of  the  boilers  and  in  the  same  com- 
partment with  them  stand  all  the  pumps  in  a  row,  and  in  the 
alley  north  of  the  boiler  room,  which  connects  the  coal  vaults 
together,  stand  all  the  tanks,  filters,  feed  heaters,  etc.,  each  of 
these  units  being  as  close  as  possible  to  the  pump  with  which  it 
does  business.  These  tanks  were  all  fattened,  flattened,  or 
attenuated,  as  the  case  might  be,  to  make  them  line  up  and  give 
gangway  for  the  coal  cars. 

The  engine  compartment  is  separated  from  the  boiler  room 
by  a  glass  and  iron  screen  which  only  runs  up  to  the  level  of  the 
gallery,  making  the  entire  room  open  overhead. 

The  five  generating  engines  stand  on  a  common  foundation, 
which  is  simply  a  mass  of  rock  and  concrete  of  1,000  tons 
weight,  separated  from  the  foundations  of  the  building  on  the 
south  and  east  by  a  smoke  flue  10  feet  deep,  on  the  north  side 
by  the  passage  which  leads  to  the  base  of  the  east  chimney  for 
the  removal  of  flue  ashes,  and  on  the  west  by  the  cross  tunnel 
which  connects  the  ash  tunnels  with  each  other  and  with  the 
elevator. 

A  25-ton  travelling  crane  runs  north  and  south  directly  over 
the  flywheels  of  the  large  engines,  and  the  areaways  opening 
out  of  the  engine  room  and  boiler  room  are  of  such  a  width  that 
no  difficulty  is  experienced  in  taking  in  or  out  any  part  of  the 
plant.  The  entire  framework  of  the  windows,  which  are  12  feet 
wide  and  extend  the  full  height  of  the  room,  may  be  removed 
for  this  purpose,  as  it  is  of  iron,  bolted  together  in  sections. 
Part  of  the  area  in  the  engine-room  side  is  covered  at  a  height 
of  10  feet  with  a  skylight,  and  forms  the  engineers'  toilet  and 
locker  room.  It  contains  toilet  accommodations,  shower  baths, 
and  lockers  for  the  employees. 

The  boiler  room  is  paved  with  brick  all  around  the  boilers, 
and  with  tiles  around  the  pumps.  The  engine  room  is  paved 
with  the  same  buff-colored  tiles,  which  are  sufficiently  strong 
and  thick  to  permit  the  dropping  of  a  w^rench  or  hammer  with- 
out cracking.     Trench  covers  are  of  thick  slabs  of  slate,  with 
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hook  holes  iu  each  end  for  lifting.  The  walls  are  of  Keene 
cement  painted  and  enamelled,  and  there  is  a  wainscot  around 
the  entire  room  on  the  main  floor,  and  again  on  the  gallery  level, 
6  feet  G  inches  in  height,  of  white  enamelled  brick,  all  corners  be- 
ing rounded.  The  wheel  pits  are  lined  with  enamelled  brick,  and 
the  boiler  settings  are  faced  all  around  with  moulded  enamelled 
brick  to  their  full  height  and  capped  with  dressed  blue-stone. 
The  gallery  has  a  steel  framing  and  floor  plates  filled  in  with  ash 
concrete,  which  is  covered  with  a  wearing  surface  of  marble 
terrazzo. 

The  stairways  have  slate  treads,  and  the  railings  of  both  stair- 
ways and  galleries  are  of  copper  with  a  bronze  hand  rail. 

The  steel  columns  which  support  the  cross  walls  and  floors  of 
the  building  overhead  are  encased  in  sheet-steel  shells  filled  in 
with  loose  asbestos,  to  comply  with  the  New  York  building  law, 
although  the  only  wood  in  the  room  is  in  the  doors. 

To  those  to  whom  the  treatment  of  wall  and  floor  surfaces 
may  perhaps  seem  extravagant,  we  would  say  that  the  object  in 
view  was  not  to  strain  after  ornamental  effect,  but  simply  to 
secure  cleanliness  and  light,  just  as  one  would  seek  these  ends 
in  the  kitchen  of  a  modern  residence  or  club.  It  is  not  so  much 
a  question  of  manners  as  of  morals. 

Boilers. 

There  are  in  all  17  Babcock  &  Wilcox  all-wrought-steel  boil- 
ers, having  a  total  grate  area  of  825  square  feet  and  a  total 
heating  surface  of  37,000  square  feet,  built  for  a  working  pressure 
of  150  pounds  to  the  inch ;  at  the  present  time  110  pounds  is 
the  working  pressure.  All  exposed  parts  of  the  steam  drums 
are  clothed  with  magnesia  covering,  to  keep  down  radiation. 

Coal  is  brought  from  the  vaults  in  charging  cars  which  pass 
over  a  track  scale  to  give  the  tally,  and  line  up  within  easy  firing 
distance  of  the  furnace  doors.  McClave  shaking  grates  are  used, 
and  the  ashes  fall  into  hoppers  underneath. 

Having  in  mind  the  tendency  of  these  hoppers  to  warp  from 
the  heat  given  off  by  the  masses  of  hot  ashes,  and  the  radiation 
from  the  grates  overhead,  as  well  as  the  rusting  effect  from  the 
water  column  blow-offs  and  the  ash-pit  sprays,  they  are  made  of 
J-inch  steel  plates  riveted  to  angle-iron  corners  and  lined 
throughout  with  firebrick  laid  in  Portland  cement  mortar.  Yisor 
valves  at  the  bottom  of  the  hoppers  dump  the  ashes  into  ash 
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cars,  which  are  then  run  aroimd  to  the  eugine-rooin  elevator  and 
lifted  up  to  the  level  of  the  ash  chute,  which  in  turn  empties  the 
ashes  into  carts  that  pass  through  tlie  driveway.  The  bodies  of 
the  ash  cars  are  made  to  raise,  tilt,  and  discharge  over  the  truck 
wheels  into  the  chute  by  the  turning  of  a  hand  wheel  at  tlie  side 
of  the  truck.  As  the  ashes  are  thoroughly  wet  down  when  the 
fires  are  cleaned  there  is  no  dust,  and  one  man  attends  to  the 
whole  operation  of  getting  out  ashes. 

A  yearly  contract  is  made  with  a  concern  that  agrees  to  cart 
the  ashes  away  without  cost  to  the  university,  and  sells  them  to 
building  contractors  for  the  making  of  light  concrete. 

Sweepings  and  rubbish  from  the  buildings  and  grounds  are 
brought  down  in  bags  and  burned  under  the  boilers.  As  the 
carting  away  of  ashes  is  at  best  a  mussy  performance,  it  is 
required  to  be  done  by  eight  o'clock  in  the  morning,  before  the 
college  day  begins. 

As  the  people  of  New  York  are  restrained,  not  only  by  their 
desire  to  be  free  from  the  smoke  nuisance  but  by  the  regulations 
of  the  Board  of  Health,  from  using  soft  coal,  they  are  limited  to 
the  use  of  small  sizes  of  anthracite  for  steam  fuel.  It  is  our 
belief  that  as  long  as  the  price  of  the  best  grades  of  this  coal 
keep  within  reasonable  bounds,  the  greatest  economy  lies  in  the 
use  of  the  most  expensive  grades  ;  but  if  through  a  combination 
of  dealers,  or  a  growing  scarcity  in  these  grades,  the  price  is 
forced  up,  we  have  prepared  ourselves  to  handle  the  lowest  and 
most  refractory  grades  of  coal  that  come  to  market,  by  installing 
a  system  of  forced  draft,  that  stands  ready  to  help  along  com- 
bustion whenever  needed. 

The  air  chambers  run  along  between  the  smoke  flues  and  ash 
tunnels,  and  are  divided  from  the  smoke  flues  by  as  thin  a  wall 
as  practicable,  to  the  end  that  the  incoming  air  may  borrow  as 
much  heat  as  possible  from  the  outgoing  gases. 

A  direct-driven  Sturtevant  blower  is  set  in  one  end  of  the  air 
tunnels,  and  the  air  is  admitted  through  gates  opening  directly 
into  the  top  of  the  ash  hoppers  under  the  centre  of  the  bridge 
wall. 

The  gases  of  combustion  escape  down  back  of  the  rear  headers, 
which  are  protected  from  them  by  a  removable  sheet-iron  screen, 
through  dampers  set  in  holes  in  the  roof  of  the  flue.  The  smoke 
flues  are  10  feet  in  heisfht  bv  6  feet  in  width,  arched  and  cross- 
arched  with  an  air  space  between  to  avoid  overheating  the  floor 
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of  the  eii^ino  Jiiid  boiler  room  under  wliieli  they  j)ass  on  the 
way  to  the  chimneys. 

The  chimneys  are  of  steel  plate  varying  in  thickness  from  ,V 
inch  at  the  bottom  to  {\.  inch  at  the  top.  Each  chimney  is 
anchored  at  the  bottom  to  a  rigid  framework  of  15-incli  steel 
beams,  which  is  built  into  the  shaft  enclosing  the  chimney  at  the 
level  where  the  top  of  the  flue  opens  into  it.  As  we  had  to  fol- 
low the  piers  of  the  proscenium  arch  of  the  theatre  up  through 
the  building,  and  w^ere  thus  limited  in  width,  it  was  necessary  to 
flatten  the  chimneys  after  the  manner  common  in  steamship 
practice,  to  get  sufficient  area. 

They  measure  6  feet  one  way  and  8  feet  the  other,  and  have  a 
height  of  135  feet  above  the  grates. 

A  lining  of  thin  cast-iron  plates  for  the  first  25  feet  in  height 
protects  the  chimney  shell  at  the  uptake. 

Curb  rings  are  built  into  the  shaft  at  the  level  of  the  first 
floor  of  the  building,  and  again  at  the  attic  floor  with  six  ball- 
pointed  set-screws  which  barely  touch  stiffening  bands  on  the 
chimney  to  steady  it,  and  allow  it  free  movement  up  and  down 
for  expansion  and  contraction. 

The  reason  for  using  such  heavy  plate  in  the  chimneys  was  to 
insure  long  life  against  corrosion. 

It  will  be  noticed  that  while  the  chimneys  have  an  area  of  40 
square  feet,  the  smoke  flues,  which  are  tapered  by  giving  the 
floor  of  the  flue  a  pitch  toward  the  stack,  have  an  area  at  their 
greatest  section  of  60  square  feet.  This  excess  of  area  was  given 
to  allow  for  the  deposit  of  .flue  ashes  on  the  floor  of  the  flue, 
and  for  drifts  of  ashes  which  were  liable  to  form  at  the  turns. 
As  a  matter  of  fact,  during  the  first  season's  run  a  drift  3  feet  in 
height  formed,  and  had  thus  cut  down  the  area  at  that  point  to 
42  feet. 

There  is  a  large  pipe  chase  built  clear  to  the  roof  next  each 
chimney  shaft ;  that  on  the  east  side  being  for  the  free-exhaust 
ris3r  and  its  return  drip,  and  that  on  the  w^est  side  to  contain 
the  twin .  standpipes  for  the  water  system.  The  chases  are  of 
sufficient  size  to  allow  for  lowering  a  man  to  make  or  unmake 
the  flange  joints  in  these  lines. 

The  feed-water  and  blow-off  mains  run  through  the  ash  tun- 
nels, and  are  visible  and  accessible  throughout  their  length. 
The  blow-off  line  and  its  connections  are  of  heavy  cast  iron,  and 
the  feed  line  is  of  drawn  brass. 
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During  the  winter  season  the  boiler  feed  is  served  from  the 
return  and  low-pressure  drip  tanks,  and  is  sent  through  a  hori- 
zontal Wainwright  heater. 

When  the  Aveather  is  warm  and  the  exhaust  is  being  wasted, 
the  boiler  feed  is  taken  from  the  swimming  pool  under  the 
gymnasium  directly  through  the  feed  lieater. 

The  pool  contains  250,000  gallons  of  water  that  has  been  first 
run  through  two  tandem  filters  to  cleanse  it,  and  then  brought 
to  a  temperature  of  70  degrees  Fahr.  in  a  heater.  The  feed  losses 
during  the  winter  season  are  made  up  from  the  same  source. 

This  scheme  prevents  the  waste  of  either  heat  or  water,  and 
secures  not  only  a  constant  change  of  water  in  the  pool  but 
clear  water  for  the  boilers.     It  works  like  a  charm. 

Engines  and  Generators. 

This  part  of  the  plant  was  divided  into  six  units,  as  follows : 
One  24  by  48-inch,  600  horse-power,  simple  Corliss  engine 
driving  a  400-kilowatt  generator  at  90  revolutions  per  minute ; 
two  20  by  42-inch  300  horse-power  simple  Corliss  engines,  driv- 
ing 200-kilowatt  generators  at  100  revolutions  per  minute ; 
two  11^  by  16^  by  12-inch  cross-compound,  high-speed  en- 
gines, driving  75-kilowatt  generators  at  2(30  revolutions  per 
minute ;  one  50  horse-power  gas  engine,  driving  a  30-kilowatt 
generator.  All  engines  to  be  direct  connected  to  their  genera- 
tors. 

The  larger  engines  were  intended  to  bear  the  heat  and  burden 
of  the  day  during  term  time  from  eight  in  tlie  morning  until 
seven  at  night,  the  high-speed  cross-comj^ounds  to  take  care  of 
the  light  loads  in  the  early  morning  and  after  seven  at  night,  and 
the  gas  engine  was  to  be  put  in  to  furnish  the  comparatively 
small  amount  of  current  called  for  during  the  summer  vacation, 
and  allow  for  shutting  down  the  boilers  entirely  for  three  months 
in  the  year.  Our  specification  for  this  unit  called  for  an  engine 
that  would  tend  to  business  like  a  steam  engine,  and  it  must 
neither  lie  down  when  pushed  nor  cough  all  day  long. 

We  will,  no  doubt,  get  one  in  time. 

As  the  writer  is  a  firm  believer  in  the  proposition  that 
standard  commercial  types,  representing  the  average  sense  of 
all,  are  the  best  types  to  select  from  when  you  are  buying,  the 
only  vagaries  he  indulged  in  when  specifying  the  make-up  of  the 
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Corlisses  was  the  insertion  of  one  clause  which  called  for  an  ex- 
tended bed-plato  which  should  run  around  the  flywheel,  take 
hohl  of  the  field  ring  of  the  generator  and  grip  the  pillow  hlock, 
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Fig.  249. 

the  idea  being  to  make  a  unit  of  the  whole  machine  and  insure 
permanent  alignment  after  the  manner  already  common  in  high- 
speed practice. 

The  other  clause  called  for  a  flywheel  that  would  stay  put,  no 
matter  what  the  rest  of  the  engine   did,  in  case  it  should  run 
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amuck,  and  it  must  run  true  even  if  it  had  to  be  turned  in  place. 

The    way    these    modest    requests   were   met  by   Mr.   Edwin 

Reynokls,  of  E.  P.  Allis  S:  Co.  (to  whom  the  writer  here  makes 

grateful  acknowledgment),  is  shown  in  the  following  drawings 
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and  photographs  of  the  300  horse-power  units  which  were  first 
installed  (Figs.  248,  249  and  250). 

Each  flywheel  is  12  feet  in  diameter  and  weighs  15  tons ;  the 
body  of  the  wheel  was  cast  in  one  piece,  with  the  hub  parted  to 
allow  for  shrinkage  in  the  arms.     After  the  rim  had  been  faced 
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off  on  both  sides,  four  layers  of  mild  steel  segmental  plates  hav- 
ing a  total  thickness  of  3\  inches  were  laid  up  on  each  side, 
with  joints  staggered,  2-inch  holes  drilled  through  and  counter- 
sunk, and  turned  soft-steel  pins  driven  through  and  riveted 
cold.  When  this  operation  was  completed,  the  wheel  was  placed 
on  the  boi'ing  mill,  the  rim  finished  all  over,  and  the  hub  bored  to 
gauge.  Shipment  from  Milwaukee  was  made  on  a  flat  car  that 
had  a  slot  cut  in  its  floor,  which  allowed  the  rim  of  the  wheel  to 
come  down  within  a  foot  of  the  ties  as  it  rested  on  a  rough  oak 
gudgeon  which  took  the  place  of  the  shaft  and  rested  in  turn  on 
timbers  laid  along  the  floor  of  the  car. 

In  the  rooms  directly  over  the  engine  room  there  will  be  at 
times  as  many  as  twenty-five  hundred  j)eople.  Due  regard  for 
this  fact  led  us  to  put  in  an  additional  safeguard  against  the 
danger  from  a  racing  engine,  in  the  form  of  automatic  stop  valves 
above  the  throttles  of  the  engines,  a  precaution  as  necessary,  in 
our  opinion,  as  putting  a  safety  valve  on  a  boiler. 

It  will  be  noticed  that  these  engines  are  very  "  short'  in  the 
barrel,"  as  a  horseman  would  say ;  the  armature  of  the  generator 
butting  up  against  the  hub  of  the  flywheel  so  close  that  there 
is  barely  room  to  put  your  hand  between.  This  was  done  to 
secure  compactness  and  rigidity,  although  there  would  seem 
to  be  small  chance  of  springing,  with  a  shaft  15  inches  in  diam- 
eter for  an  engine  of  this  size.  The  complete  unit  weighs  65 
tons. 

The  high-speed  cross-compounds  were  built  by  Armington 
&  Sims,  who  put  in  our  first  electric-light  engine  at  Forty-ninth 
Street  in  1886. 

These  engines  are  set  in  the  bight  of  the  larger  engines,  with 
their  throttles  within  reach  of  the  throttles  of  the  larger  engines, 
so  as  to  be  handy  when  running  in  parallel.  As  the  type  is 
doubtless  familiar  to  the  members  of  the  Society  no  description 
is  necessary. 

At  the  solicitation  of  the  writer,  who  makes  no  claim  what- 
ever to  proficiency  in  electrical  matters.  Prof.  F.  B.  Crocker,  past 
president  of  our  sister  society,  the  American  Institute  of  Elec- 
trical Engineers,  consented  to  write  specifications  for  generators 
that  would  stall  the  engines  before  they  could  burn  ou':  the 
armatures  or  cause  a  sputter  at  the  commutator.  As  the  bill  of 
particulars  is  brief  and  to  the  point  it  will  bear  setting  down 
here,  and  should  be  of  interest. 
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Specijicatio7i  for  Dynamos  for  Cohmibia  Uni^oersittj. 

The  manufacturer  shall  furnish  and  install  in  the  power 
house  of  Columbia  University  ready  for  service  : 

Four  (4)  direct-current,  compound-wound  dynamos,  to  be 
directly  connected  to  the  shafts  of  the  engines,  outboard  bearings 
and  all  foundations  to  be  furnished  by  the  engine  contractor. 

CajKcclty. — Two  of  these  machines,  which  must  be  duplicates 
of  each  other  in  every  respect,  all  parts  being  interchangeable, 
are  to  be  directly  connected  to  two  Corliss  engines. 

Each  dynamo  shall  have  the  following  capacity  : 

Output  in  kilowatts 200 

Volts  at  no  load 118 

Volts  at  full  load 124 

Amperes  at  full  load 1,600 

Revolutions  per  minute 100 

The  other  two  machines,  which  must  also  be  exactly  alike, 
with  all  parts  interchangeable,  are  to  be  connected  to  high- 
speed compound  engines,  and  shall  have  the  following  capacity 
for  each  : 

Output  in  kilowatts 75 

Volts  at  no  load 118 

Volts  at  full  load 124 

Amperes  at  full  load GOO 

Revolutions  per  minute 260 

Regulation. — These  machines  shall  be  wound  to  overcom- 
pound  from  118  volts  at  no  load  to  124  volts  at  full  load,  with 
a  constant  speed.  This  is  intended  to  counteract  a  2  per 
cent,  decrease  in  speed  of  the  engine  and  a  3  per  cent,  drop  on 
the  conductors  at  full  load.  This  rise  in  voltage  shall  be 
approximately  uniform — that  is,  not  more  than  3  volts  nor  less 
than  2  volts  at  half  load,  variations  in  speed  being  prevented  or 
allowed  for. 

There  must  be  sufficient  range  in  the  series  winding  to  allow 
the  overcompounding  effect  to  be  varied  from  3  per  cent,  to  7 
per  cent. 

The  shunt  windinajs  shall  be  excited  from  the  bus  bars,  and 
must  have  sufficient  range  to  enable  the  voltage  to  be  regulated 
up  to  130  volts  or  down  to  110  volts  at  full  load  and  normal 
speed. 
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Any  or  all  of  these  macliines  must  operate  well  in  parallel, 
eacli  taking  its  share  of  the  load  (within  10  per  cent.)  in  pro- 
portion to  its  size. 

Ejficiowy. — The  commercial  efficiency  of  these  machines, 
when  hot,  shall  not  be  less  than  the  following  : 

Full  load 91 

Tbree-quurter  load     91 

One-half  load 86 

One-quarter  load .  .  80 

These  figures  are  intended  to  secure  a  good  efficiency  at  all 
loads  of  one-quarter  or  more,  rather  than  a  specially  high  effi- 
ciency at  full  load  with  tlie  sacrifice  of  efficiency  at  fractional 
loads. 

Heating. — No  part  of  the  machines,  after  a  continuous  load  of 
twelve  hours  at  full  speed,  must  be  heated  more  than  40  deg.  C. 
above  the  temperature  of  the  surrounding  air.  After  a  con- 
tinuous run  for  six  hours  at  full  load,  and  a  further  run  of  two 
hours  at  full  voltage  and  25  per  cent,  excess  over  rated  number 
of  amperes,  no  part  of  the  machine  must  be  heated  more  than 
50  degrees  C.  above  the  temperature  of  the  surrounding  air. 
These  temperatures  are  to  be  measured  by  a  thermometer  and 
by  increase  of  resistance  in  the  case  of  the  armature  conductors 
and  field  magnet.  When  the  latter  method  is  used  the  heating 
limits  specified  above  may  be  increased  15  per  cent. 

Comimitation . — A  continuous  run  at  full  load  for  twelve  hours 
must  not  produce  any  appreciable  sparking,  or  any  cutting, 
pitting,  rising,  lowering,  or  unequal  wearing  on  the  surface  of 
the  commutators  ;  the  brushes  must  not  show  evidence  of 
burning  or  cutting  beyond  ordinary  wear,  and  the  commutator 
shall  receive  no  attention  except  lubricating  and  wiping  dur- 
ing the  test. 

A  continuous  run  for  two  hours  at  25  per  cent,  overload 
must  not  produce  injurious  sparking,  cutting,  or  burning  of  the 
commutator  or  brushes. 

Brushes. — Brushes  must  be  so  arranged  that  they  can  be 
tripped  simultaneously  when  starting  or  stopping  the  engine. 

Insidation. — The  insulation  resistance  between  the  armature 
and  field  conductors  and  the  frame  of  the  machine  shall  not  be 
less  than  one  megohm  when  measured  separately. 

The  insulation  of  the  armature  and  field  conductors  shall  be 
tested  with  a  pressure  of  1,000  volts  (direct  current). 
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Gauge  for  Arm,atitre  Bore. — A  plug  gauge  for  the  armature  bore 
will  be  furnished  by  the  engine  contractor. 

The  armature  must  be  perfectly  balanced  and  must  not  run 
out  of  true  more  than  ^j  of  an  inch  either  axially  or  radially. 

Fi7iish. — All  castings  to  be  filled  and  rubbed  to  a  smooth 
finish. 

Erection. — To  be  done  by  the  builder,  who  will  furnish  all 
labor,  materials,  and  superintendence. 

Generators  to  be  delivered  ready  for  connection  to  feeders  to 
switchboard. 

Delivery. — Generators  must  be  in  place  not  later  than  July  1, 
1897. 

Finally. — All  materials  and  workmanship  are  to  be  guaranteed 
of  the  best,  and  will  be  subject  in  detail  to  the  approval  of  the 
superintendent  of  the  university  or  his  authorized  represent- 
ative. 

After  securing  competitive  bids  from  some  of  the  principal 
concerns  in  the  business,  the  contract  was  awarded  to  the  lowest 
bidder,  the  Crocker- Wheeler  Company. 

The  greatest  compliment  I  can  pay  the  generators  is  simply 
to  say  that  they  are  in  tune  with  Mr.  Eeynolds's  engines.  And 
that  is  no  faint  praise. 

A  brief  description  of  the  method  of  preparing  the  engine 
foundations  may  be  of  interest. 

One  of  the  most  troublesome  problems  encountered  in  putting 
heavy  machinery  under  a  building  that  is  devoted  to  uses  entirely 
foreign  to  the  generation  of  power  is  to  get  rid  of  the  annoyance 
caused  through  the  transmission  of  vibration  by  the  bearing 
walls  and  piping.  This  becomes  especially  difficult  where  the 
foundation  rests  on  bedrock,  as  in  the  present  instance. 

The  attention  of  the  writer  was  called  some  years  ago  to  a 
series  of  very  interesting  experiments  made  by  the  Japanese 
Government  where  plans  were  formulating  for  the  buildings  of 
the  University  of  Tokio.  The  frequency  of  seismic  disturb- 
ances in  that  region  was  a  constant  menace  to  the  integrity  of 
masonry  structures,  and  the  experiments  showed  that  the  vibra- 
tion was  greatest  on  the  surface  of  the  ground,  diminishing 
rapidly  as  lower  levels  were  reached  in  pits  dug  for  the  purpose. 
The  seismographs  used  for  the  purpose  showed  in  addition  that 
the  vibrating  waves  followed  horizontal  lines  around  the  earth's 
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surface.  In  the  light  of  the  knowledge  thus  gained,  the  build- 
ing walls  were  kept  clear  of  the  surrounding  ground  by  areas 
that  extended  all  the  way  around,  cut  down  to  a  level  just  above 
the  line  of  footings.  Comparatively  severe  earthquakes  that 
have  occurred  since  the  buildings  were  erected  have  been 
scarcely  felt  within  the  buildings,  and  have  occasioned  no 
damage  whatever  to  the  structures. 

A  simple  way  of  noting  the  direction  of  vibrations  caused  by 
the  impact  of  a  blow  on  a  resisting  surface  is  to  have  some  one 
strike  an  anvil  wdiile  you  move  your  hand  up  and  down  over  its 
surface.  A  blow  on  any  part  of  the  face  of  the  anvil  is  plainly 
felt  at  any  other  part  of  the  face,  while  the  base  gives  out  no  ap- 
preciable response  to  the  blow. 

It  seemed  to  us,  then,  that  the  best  way  to  avoid  giving  con- 
tinual annoyance  to  those  who  w^ere  to  occupy  the  upper  part 
of  the  building  was  to  unite  all  the  engine  foundations  on  a 
single  block  of  masonry,  cut  clear  of  the  building  foundations, 
that  would  be  in  effect  an  anvil  block  of  sufficient  mass  to 
absorb  the  vibrations  before  they  reached  the  level  on  which 
the  building  foundations  stood. 

This  was  tried  first  when  we  built  the  medical  school 
engine  room,  and  it  worked  so  well  that  it  seemed  worth  repeat- 
ing in  the  larger  scheme.  An  added  difficulty  w^as  met  here,  how- 
ever, on  account  of  having  to  take  care  of  the  row  of  columns 
that  ran  across  the  engine-room  floor,  and  of  having  to  carry 
the  surface  of  the  floor  across  the  top  of  the  smoke  flue,  which 
served  as  an  insulating  trench  next  the  outside  walls. 

For  the  columns,  we  borrowed  a  scheme  that  had  been  adopted 
at  the  Houston  Street  cable  plant,  cutting  pits  in  the  rock  for 
the  bases  of  the  columns  to  rest  in,  then  boxing  in  the  bases  to 
the  floor  level  and  filling  up  against  this  w4th  concrete. 

In  order  to  baffle  the  vibrations  that  might  travel  across  the 
arches  over  the  smoke  flue,  we  laid  up  soft-pine  planking  on 
edge  against  the  wall  to  the  depth  of  the  arching,  and  finished 
the  floor  up  against  it.  While  this  lasts  it  forms  a  deadener, 
and  when  it  rots  it  will  leave  an  air  space. 

To  prepare  the  foundation  block  for  the  engines,  the  entire 
area  was  cleaned  of  all  loose  or  rotten  rock,  the  w^heel-pits  and 
exhaust  trenches  were  laid  up  in  brick  to  the  working  level,  and 
the  iron  conduits  set  in  place  for  the  feeder  mains  from  the 
generators   to    the    switchboard.       The    whole    area   was.  then 
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brought  up  to  the  working  level  with  Portland  cement  concrete, 
and  the  surface  floated  off. 

After  the  mass  had  hardened  sufficiently  to  admit  of  drilling, 
the  templates  for  the  different  engines  were  laid  down  and  tJie 
holes  for  the  anchor  bolts  marked  out.  The  lioles  were  cut  with 
a  steam  rock  drill,  and  were  made  an  inch  larger  than  the  bolts 
they  were  to  receive.  Those  for  the  larger  engines  were  sent 
down  10  feet,  and  for  the  smaller  engines  4  feet. 

The  bolts,  which  had  been  roughed  by  the  blacksmith  all  the 
way  down  the  shank,  were  then  dropped  into  the  holes,  and  the 
engines  were  set  up  without  any  of  the  usual  cramping  and 
fidgeting  caused  by  set  anchor  bolts,  as  the  bolts  were  free  to 
wabble  about  and  accommodate  themselves  to  the  inevitable 
variations  from  template  that  occur  in  a  rough  bed-plate.  After 
getting  the  engines  to  fair  and  true  level  by  means  of  stake 
wedges  the  bolts  were  given  a  full  nut,  the  holes  grouted  to  the 
brim  with  Dyckerhoff  cement,  and  the  joints  finally  rusted. 
Those  bolts  are  there  to  stay. 

When  all  the  engines  are  running  no  vibration  can  be  detected 
on  the  engine-room  floor  or  in  the  walls  of  the  building,  but  the 
framework  of  the  gallery,  we  are  sorry  to  say,  seems  to  borrow 
a  little  tune  from  the  pipes  it  carries,  which  is  transmitted  to  the 
steel  structure  above  the  engine  room.  We  are  thinking  about 
this  all  the  time  and  hope  to  cure  it.  Suggestions  would  be 
welcomed. 

Piping. 

Simplicity,  brevity,  and  elasticity  are  of  the  very  essence  of 
good  practice  in  this  line,  and  we  believe  that  these  ends  should 
be  sought  before  all  others  in  laying  down  a  plant.  It  is  better 
to  make  the  engines  and  boilers  fit  the  piping  than  to  go  the 
other  way  about  it.  An  unnecessary  turn  or  length  of  pipe  oc- 
casions a  never-ceasing  waste  from  friction  and  radiation. 

Considering  the  piping  as  just  so  much  machinery,  the  next 
most  important  points  to  provide  for  would  seem  to  be : 

1.  To  put  it  up  so  that  it  might  adjust  itself  freely  under  the 
strains  imposed  by  expansion  and  contraction. 

2.  To  consider  the  human  element  involved  in  its  operation, 
by  setting  all  valves  where  they  can  be  easily  and  quickly 
handled  without  making  undue  calls  on  the  heroism  of  the  engine- 
room  force  in  case  of  an  emergency. 
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3.  To  put  the  piping  together  in  the  way  you  would  any  other 
machinery,  with  bolted  joints  that  can  be  easily  made  and  un- 
made without  destroying  or  damaging  either  pipe  or  fittings. 

Finally,  to  treat  exhaust  steam,  water,  and  compressed  air  with 
as  much  consideration  as  you  would  live  steam,  remembering 
that  the  same  laws  apply  to  them  with  perhaps  greater  force  in 
that  they  may  have  less  energy  to  overcome  obstacles  in  the 
shape  of  tortuous  pipe  bends,  crooked  valve  passages,  or  the 
strictures  imposed  by  reduced  areas. 

Our  performance  along  these  lines  falls  often  short  of  our 
ideals,  but  we  have  at  least  had  the  satisfaction  of  trying  to  live 
up  to  an  ideal. 

A  16-inch  header,  in  the  form  of  a  flattened  ring,  runs  around 
the  outside  of  the  boilers,  and  rests  on  roller  bearings  that  are 
carried  by  the  gallery. 

The  boilers  feed  into  the  inside  of  the  ring,  and  the  engines 
and  distributing  lines  connect  directly  to  the  outside  of  it,  the 
connections  to  both  engines  and  boilers  being  single,  straight- 
away, long-turn  bends.  The  angles  at  the  turns  of  the  header 
are  formed  of  steel  castings. 

A  14-inch  exhaust  main  runs  in  a  trench  straight  across  the 
engine-room  floor,  parallel  to  the  steam  main  overhead,  and  the 
cylinders  of  the  engines  fairly  empty  into  it.  It  will  be  noted 
that  there  is  nothins:  but  the  valve  between  the  exhaust  nozzle 
of  the  high-speed  engines  and  the  main. 

To  allow  for  movement  in  the  rigid  connection  Avhich  this 
forms  between  the  engines  an  expansion  joint  is  placed  in  the 
centre  of  the  line,  and  a  screw  joint  was  made  to  the  exhaust 
nozzle  of  the  Corlisses  on  the  end.  As  the  total  distance  from 
the  steam  header  to  the  exhaust  main  is  only  25  feet,  we  come 
pretty  near  getting  boiler  pressure  at  the  throttles  and  a  mini- 
mum back  pressure  at  the  exhaust. 

The  pumps  and  other  auxiliaries  are  given  the  same  chance, 
by  running  their  steam  cylinders  along  in  a  line  over  a  branch 
exhaust  main,  that  opens  at  right  angles  into  the  large  main,  at 
the  point  where  this  main  branches  to  the  feed  heater  and  the 
heating  system  of  the  building.  Just  outside  the  engine,  to  the 
south,  the  main  rises  to  the  level  of  the  library  tunnel  and  con- 
tinues along  it,  full  size,  to  the  heating  stacks  of  that  building. 

There  are  separate  systems  for  the  high-pressure  and  low- 
pressure    drips ;  the  high-pressure  being  sent  back  directly  to 
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the  boilers,  and  the  low-pressure  returned  through  the  return 
tank  and  feed  heater  with  the  regular  feed.  The  high-pressure 
lines  were  to  be  dripped  at  every  fitting  on  horizontal  runs. 

Our  specifications  and  drawings  called  for  fianged  connections 
on  all  pipe  over  3-inch  ;  for  outside  screw  and  yoke  Cliapman 
gate  valves,  of  varying  weights  on  all  sizes  over  8-inch  ;  for 
long-turn  elbows  wherever  possible ;  for  nothing  less  than 
standard  full- weight  pipe,  no  matter  what  purpose  it  might  be 
intended  to  serve ;  galvanized  pipe  and  fittings  for  cold-water 
lines,  drawn  brass  (iron-pipe  sizes)  for  feed  lines,  and  cast-iron 
for  blow-off  lines.  A  choice  between  Johns  asbestos  and 
Keasbey's  magnesia  was  allowed  for  pipe  covering. 

Auxiliaries. 

Two  9  by  5^  by  10-inch  duplex  pumps  alternate  in  the  service 
of  the  boiler  feed. 

Two  8  and  12-inch  by  lOi  by  10-inch  compound  duplexes  con- 
trolled by  pressure  regulators  take  care  of  all  the  water  supply, 
with  the  exception  of  the  fountains  in  the  south  court,  which 
are  to  be  operated  on  a  continuous  circuit  by  a  300  gallons-per- 
minute  electric  pump  placed  in  the  basement  of  the  library 
building.  A  6-inch  Crotou  line  was  run  across  through  the  coal 
vaults,  and  connected  on  the  one  end  to  the  city  main  in  Amster- 
dam Avenue,  and  to  the  main  in  Broadway  on  the  other  end, 
both  ends  being  kept  open  to  prevent  stagnation,  and  we  are 
thus  assured  a  constant  supply  in  the  event  of  either  main  being 
shut  down. 

The  water  flows  through  the  filters,  under  street  pressure,  into 
the  suction  tanks  of  the  house  pumps. 

Next  in  line  are  two  14  and  20-iuch  by  10 i  by  10-inch  elevator 
pumps,  which  operate  three  elevators  in  University  Hall. 

The  elevators  in  all  the  other  buildings  are  electric,  with  the 
exception  of  the  Otis  experimental  elevator  in  the  engineering 
building. 

A  20  by  12  by  10-inch  fire  pump,  figured  to  throw  1,000  gallons 
per  minute,  delivers  directly  into  the  house  mains  and  risers  of 
the  inside  buildings,  these  lines  being  made  unusually  large  on 
this  account. 

The  suction  tank  for  the  fire  pump  is  the  swimming  pool 
aforementioned.  No  danger  of  a  water  famine  for  the  fire 
46 
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pumps.  To  keep  in  practice,  this  pump  is  used  for  emptying 
the  pool  into  the  sewer  every  two  weeks,  when  the  pool  is 
scrubbed. 

Compressed  air  is  distributed  to  the  buildings  where  it  is 
needed  from  a  Rand  compound  compressor,  witli  steam  cylin- 
ders 9  and  13  inches,  a  stroke  of  13  inches,  and  air  cylinders  12 
inches  in  diameter. 

A  9  by  12  by  10-inch  wet  vacuum  pump  runs  all  day  long  to 
serve  the  requirements  in  that  line  of  the  chemists  and  physi- 
cists in  their  lecture  rooms  and  laboratories. 

To  give  an  idea  of  what  these  side  issues  amount  to,  we  need 

simply  say  that  in  Havemeyer  Hall  alone  there  are  over  6,000 

outlets  and    connections    for  water,   compressed   air,    gas,    and 

vacuum. 

Electric  Distribution. 

The  switchboard  is  divided  into  three  panels  ;  the  central 
panel  carrying  the  generator  switches,  circuit  breakers,  and  in- 
struments, one  of  the  side  jDanels  carrying  the  "power"  connec- 
tions for  the  buildings,  and  the  other  the  "light"  connections. 

The  whole  board  is  40  feet  in  length,  and  was  designed  by 
Mr.  Mailloux,  to  cover  the  entire  group  of  twenty  buildings, 
without  disturbing  the  bus  bars  and  switches  for  the  buildings 
first  erected,  as  buildings  are  added  from  time  to  time. 

Although  the  generators  ordinarily  carry  the  light  and  power 
load  together,  the  circuits  are  kept  separate  throughout,  and, 
with  the  steady  load  furnished  by  the  ventilator  motors,  the 
throwing  on  and  off  of  elevator  and  shop  motors  does  not  inter- 
fere with  the  regulation  to  any  appreciable  extent. 

Whenever  there  is  a  tendency  to  jump  big  loads  on  and  off 
the  circuit,  as,  for  instance,  in  the  electrical  laboratory,  and 
more  recently  the  industrial  chemistry  and  metallurgical  labo- 
ratories, with  their  new-found  delight,  the  electric  furnace,  we 
have  put  circuit  breakers  in  the  power  lines,  where  they  will 
localize  the  annoyances  incident  to  short-circuiting  to  those 
who  may  be  indulging  in  pyrotechnics.  A  local  circuit  for 
alternating  current  is  provided  in  the  engineering  building, 
operated  by  a  transformer  taking  current  from  the  power 
circuit,  and  when  the  use  of  electric  furnaces  becomes  more 
extended  we  shall  put  in  a  transformer  in  Havemeyer  to  facili- 
tate work  in  this  line. 

The  feeder  mains  terminate  at  local  switchboards  in  the  base- 
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ment  of  each  of  the  buildings,  whicli  divide  the  circuits  by  floors, 
and  panel  boards  in  the  hallway  on  each  floor  subdivide  the 
service  to  the  separate  rooms. 

This  method  of  distribution  gives  local  control  of  the  circuit  in 
so  far  as  it  is  practicable  and  makes  the  operation  of  lines  a  com- 
paratively simple  matter. 

Every  switch  or  cut-out  is  lettered  or  numbered  to  correspond 
with  a  schedule  or  diagram  posted  beside  each  board. 

From  the  main  switchboard  to  the  branch  boards  the  feeder- 
main  cables  are  carried  by  segmental  porcelain  blocks,  fitted  into 
steel  trellis  frames  which  are  hung  under  the  power-house  gallery 
or  bolted  to  the  side  walls  of  the  tunnels.  Over  65  tons  of  copper 
were  put  into  the  mains  for  the  buildings  now  in  use. 

In  addition  to  the  wiring  for  light  and  power  there  are  .com- 
plete interconnecting  systems  for  telephone,  electric  clock,  and 
signal  bells,  and  for  the  watchmen's  patrol  record  within  the 
buildings.  These  wires  are  run  in  iron  conduits  like  the  light  and 
power  circuits,  and  connect  in  the  tunnels  to  lead-covered  cables. 

There  is  no  reason  why  the  electrical  installation  throughout 
should  not  last  as  long  as  the  buildings,  as  it  is  made  up  in  the 
most  permanent  and  enduring  manner,  and  the  table  (Fig.  251) 
gives  a  general  idea  of  the  ultimate  electrical  requirements  of  all 
the  buildings  at  the  new  site. 

The  appended  schedule  gives  details  of  the  electric  feeders  now 
in  place. 

Schedule  of  Electric  Feeders. 


No.  of 
Feeders. 


Terminates  at 
Building- 


Maximum 
Probable 

Load, 
Amperes. 


Length  in 

Feet  One 

Way. 


Loss  in 
Volts. 


Size  of  Wire, 
Circular  Mils. 


1 

.2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 


Library  

Engineering.  . .  . 
Havemeyer  . .  . 
Fayerweatlier  .  . 
Schermerliorn  . 
University  Hall. 
University  Hall. 


Library  

Engineering.  . .  . 

Havemeyer 

Fayerweatlier. . . 
Scherraerhorn  . 
University  Hall. 


tiGHTiNG  Feeders. 

1,100 

376 

525 

669 

566 

544 

244 

409 

404 

291 

126 

125 

422 

125 

Power  Feede 

RS. 

660 
350 
855 
351 
640 
980 


2.00 
2.50 
2.50 
2.50 
2.50 
1.50 
1.10 


4,000,000 

2.700,000 

2,500.000 

800,000 

900,000 

211,600 

1,000,000 


398 

5.00 

1,000,000 

700 

4.20 

1,200,000 

570 

5.00 

1,900,000 

416 

5  00 

600,000 

298 

5.00 

800,000 

174 

3.50 

1,000,000 

716 
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Performance. 

A  log  is  kept,  covering  (bMQx^J  day  in  the  year,  giving  for  each 
week  the  total  hours'  run  of  each  unit,  and  the  output,  together 
with  averages  and  the  consumption  of  coal,  water,  and  supplies 


schedule  of  electrical    requirements 
for  ugmtinc  and   ventilating 

Fig.  251. 

and    the  cost  of   labor  and  repairs  charged  against  the  power 
house. 

Of  course,  aside  from  the  desire  to  have  a  record  of  operations, 
the  principal  reason  we  have  in  keeping  the  log  is  that  we  may 
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know  just  how  much  money  we  are   spending  and  what  we  are 
getting  for  it. 

A  sample  sheet  from  the  log-book  is  shown  (see  table  facing). 

To  operate  the  plant  as  it  stands  to-day,  during  the  winter 
months  we  employ  the  following  force  : 

A  chief  engineer,  two  assistant  engineers,  two  oilers,  one 
dynamo  tender,  three  heating-service  men,  one  electrician,  one 
machinist,  four  firemen,  two  coal  passers,  and  one  helper. 

The  heating-service  men  patrol  the  heating  and  ventilating 
plant  in  the  different  buildings  at  regular  intervals  day  and 
night  during  cold  weather ;  and  considering  the  fact  that  there 
are  in  all,  so  far,  22  motors  and  fans  ranging  from  10  to  50  horse- 
power each,  21  return  pumps,  and  an  aggregate  of  80,000  square 
feet  of  heating  coils  and  radiators  scattered  throughout  the  build- 
ings, it  will  be  seen  that  they  are  kept  pretty  busy.  The  electrician 
attends  to  keeping  all  electric  conduits  and  fixtures  in  order,  and 
is  allowed  extra  help  as  occasion  demands. 

The  power-house  force  stands  two  twelve-hour  watches  during 
the  winter  months,  when  steam  is  kept  on  day  and  night. 

During  the  season  when  light  and  power  alone  are  required 
and  the  force  is  reduced,  the  day  men  report  at  7  and  leave  at  6, 
and  the  night  men  report  at  12.30  and  leave  at  11.30  when  the 
library  has  closed  for  the  night.  By  this  arrangement  the  entire 
force  is  on  duty  during  the  afternoon  when  the  load  is  heaviest. 

The  cost  of  heating  a  building  depends  in  great  measure  on 
the  amount  of  ventilation  furnished.  In  all  well-ventilated  build- 
ings the  heat  losses  are  far  greater  from  the  outgoing  current  of 
vitiated  air  than  by  direct  radiation  from  wall  and  window  sur- 
faces. 

The  loss  from  this  source  can  be  calculated  exactly  by  measur- 
ing the  difference  in  temperature  between  the  incoming  and  out- 
going air  and  the  volume  of  air  moved. 

While  this  may  properly  be  called  a  loss,  it  is  in  no  sense  a 
waste.  The  amount  of  pure  air  required  by  a  human  being 
under  varying  conditions  is  a  matter  of  common  knowledge, 
established  on  scientific  authority,  and  he  should  no  more  be 
required  to  breathe  impure  air  than  to  drink  foul  water. 

For  the  very  reason  that  it  is  more  difficult  to  detect  a  lack  of 
ventilation  than  a  lack  of  heat  or  light,  this  point  should  receive 
the  closest  attention. 

That   it   is    often    neglected,    either   deliberately,  through  the 
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practice  of  a  false  economy  or  through  sheer  ignorance  on  the 
part  of  those  who  design  or  those  who  operate  pubhc  buildings, 
is  evidenced  by  the  fact  that  for  one  building  you  find  inadequately 
heated  you  will  find  a  score  without  any  ventilation  worthy  the 
name. 

We  estimate  that  when  our  ventilating  system  is  in  full  opera- 
tion we  use  50  per  cent,  more  fuel  than  when  we  are  simply  heating 
the  buildings  and.  allowing  the  heated  air  to  escape  by  natural 
draught  through  the  flues  and  doors. 

In  no  part  of  any  building  do  we  give  less  than  six  jchanges  of 
air  per  hour,  and  in  some  lecture  rooms  and  laboratories  as  many 
as  twelve  changes  per  hour. 

More  current  is  used  for  driving  the  ventilation  fans  than  is  used 
for  light,  and  the  ventilating  apparatus  is  run  continuously  during 
the  time  when  the  lecture  rooms  and  laboratories  are  in  use. 
When  all  the  fans  are  running  they  will  move  1,250,000  cubic  feet 
of  air  through  the  buildings  every  minute. 

For  all  purposes,  we  burn  at  the  present  time  about  $13,000 
worth  of  fuel  per  annum,  with  a  labor  account  chargeable  to  heat, 
light,  and  power  of  $10,000  per  annum,  or  at  the  ratio  of  1  to  1.3. 
Ultimately  we  expect  to  have  to  spend  not  less  than  $30,000  a  year 
for  fuel  and  to  increase  our  labor  account  to  $15,000  a  year, 
which  will  then  give  a  ratio  of  labor  to  fuel  of  1  to  2. 

The  complete  power  plant  and  its  connections,  exclusive  of 
structural  work  or  excavations,  represents  an  investment  of  $200,- 
000,  or  at  the  rate  of  $50  per  horse-power.  That  part  of  University 
Hall  occupied  by  the  power  house,  including  the  coal  vaults  and 
tunnels,  cost  $350,000. 

The  heating  and  ventilating  equipment  and  the  electric  wiring 
of  the  entire  group  will  foot  up  to  $550,000.  This  makes  a  total 
of  $1,100,000  for  the  complete  engineering  equipment,  exclusive 
of  drainage  and  plumbing. 

The  buildings  and  grounds  at  the  One  Hundred  and  Sixteenth 
Street  side  of  the  university  already  completed  stand  on  the 
books  of  the  corporation  at  $6,500,000.  The  entire  improvement 
is  estimated  to  cost  twelve  millions,  including  the  cost  of  the  land. 

From  the  figures  given  above  it  will  be  noted  that  the  engineering 
equipment  represents  about  10  per  cent,  of  the  total  investment, 
which  is  not  excessive,  considering  the  important  part  it  plays  in 
conserving  the  convenience,  health,  and  comfort  of  those  who 
occupy  the  buildings. 
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When  the  group  of  buildings  on  Morningside  Heights  shall  have 
been  completed,  Columbia  University  in  the  city  of  New  York, 
including  all  its  schools  and  colleges,  will  have  a  plant  costing  not 
far  from  seventeen  millions  of  dollars,  with  ample  facilities  for  the 
6,000  students  and  600  teachers  it  will  then  be  able  to  accommodate 
within  its  walls. 

These  figures  appear  large  in  perspective,  but  they  are  simply 
based  on  the  ratio  of  increase  maintained  by  more  than  one  of 
our  American  universities  during  the  past  decade. 

Of  course  the  length  of  time  it  will  take  to  realize  this  project 
will  depend  largely  upon  the  character  of  the  support  given  to  the 
university  by  the  citizens  of  New  York  and  on  the  energy  dis- 
played by  all  who  are  interested  in  its  welfare. 

In  conclusion,  I  desire  to  make  acknowledgment  first  of  all  to 
President  Low  and  the  trustees  of  Columbia  University,  without 
whose  countenance  and  support  the  development  of  the  engineer- 
ing plant  on  broad  lines  would  have  been  impossible  ; 

To  the  architects,  Messrs.  McKim,  Mead  &  White,  who  said 
that  the  best  in  the  engineering  line  was  none  too  good; 

To  my  co-laborers  the  consulting  engineers,  Mr.  Wolff,  Mr. 
Mailloux,  and  Messrs.  Waring,  Chapman  &  Farquhar,  who  gave 
the  best  that  was  in  them,  without  regard  to  time  or  trouble ; 

To  the  contracting  engineers,  who  waived  all  profit  in  many 
instances  in  order  to  help  along  what  they  were  pleased  to  con- 
sider a  good  work ; 

To  Professor  Hutton,  to  whom  I  am  indebted  for  valuable  sug- 
gestions in  the  preparation  of  this  paper ; 

And  last,  but  by  no  means  least,  to  Mr.  F.  A.  Goetze,  my  able 
and  conscientious  assistant,  whose  resourcefulness  in  design  and 
watchfulness  in  matters  of  construction  I  cannot  praise  too 
highly. 

In  presenting  this  paper  before  the  Society,  the  writer  has  felt 
some  diffidence  on  account  of  not  knowing  to  what  extent  the 
members  might  be  interested  in  a  development  of  the  kind. 

He  must  rely  on  the  well-known  interest  all  engineers  have 
for  matters  that  concern  education  in  its  various  phases,  and  on 
the  indulgence  of  those  whose  grasp  of  the  subjects  dealt  with 
may  be  based  on  a  more  extended  knowledge  and  experience  than 
his  own. 
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DISCUSSION. 

Mr.  Reginald  Pelham  Bolton. — I  would  like  to  take  the  op- 
portunity of  personall}^  thanking  ^[r.  I)ai-lin<^  for  this  very  com- 
plete and  full  paper,  Avhich  is  very  admirable  in  the  details  which 
it  presents.  It  describes  also  a  central  power  plant,  and  ihis  is 
placed  under  very  different  conditions,  as  regards  the  surrounding 
buildings,  from  that  described  in  the  ])revious  paper.  In  this 
case,  I  think  there  is  no  question  but  that  the  central  power  plant 
is  the  right  one  to  adopt.  Mr.  Darling  has  made  one  remark  in 
his  paper  on  which  he  has  also  asked  that  the  united  wisdom  of 
the  Society  be  brought  forth.  On  page  Til  he  mentions  that  he  has 
some  trouble  with  the  vibrations  of  the  pipes  communicating  to  a 
portion  of  the  building,  and  asks  for  suggestions  on  that  subject. 
That  has  been  a  very  troublesome  subject  in  many  of  the  tall 
buildings,  and  has  been  entirely  gotten  over  by  supporting  the  pipes 
from  a  different  point.  In  this  case  the  pipes  are  carried  by  the 
framework  of  the  g^allerv,  and  it  is  not  to  be  wondered  at  that  it 
ofets  some  of  the  vibrations.  It  may  not  be  practicable  to  carrv^ 
it  from  below.  If  so,  I  am  almost  afraid  that  the  only  remedy 
is  to  destroy  the  gallery,  or  take  the  pi])es  and  ]nit  them  somewhere 
else.  The  question  of  the  vibration  of  the  engine  foundations  has 
been  dealt  with  in  detail  by  the  author  in  an  admirable  manner 
and  represents  the  very  best  practice,  by  forming  a  very  large  mass 
of  foundation  isolated  from  the  surrounding  buildings. 

In  connection  with  the  subject  of  fuels,  which  Mr.  Darling  has 
entered  upon,  I  would  say  that  so  far  as  Xew  York  city  is  con- 
cerned I  am  heartily  in  favor  of  the  use  of  anthracite  coal.  In 
the  tall  buildino^s  anthracite  is  burned  under  ideal  conditions, 
because  we  have  an  exceedingly  strong  draft  without  any  cost, 
owing  to  the  extreme  length  of  the  chimneys  which  are  necessary 
to  the  buildings.  On  the  other  hand,  even  if  that  were  not  the 
case,  I  think  that  the  interest  of  the  whole  city  demands  that  we 
should  burn  a  fuel  Avhich  is  smokeless,  and  that  the  Board  of 
Health  is  entirely  in  the  right  in  demanding  that  we  shall  not 
burn  soft  coal  in  Xew  York  city  and  in  continuing  its  present 
crusade,  which  is  ])retty  active  at  the  present  time,  against  the 
users  of  soft  coal  who  emit  any  smoke  from  their  chimneys. 

Mr.  Oberlin  Smith  raised  a  question  of  a  remarkable  fuel  being 
used.     I  was  told  of  another  in  Philadelphia  as  I  passed  through 
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tliis  week.  During-  llio  hito  blizzai'd,  in  one  of  the  liotels  there 
wliich  depended  entirely  in)on  its  own  phmt,  luiving  no  stand- 
by IVoni  any  other  concern,  they  were  unable  to  keep  up  the  supply 
of  fuel,  and  when  the  coal  ran  short  they  burned  mattresses 
valued  at  H^S  apiece. 

3/?'.  William  11.  Bryan. — Mr.  Darling  tells  us  an  interesting 
story,  and,  what  is  even  better,  tells  it  in  a  refreshingly  interest- 
ing manner.  There  are  a  few  questions,  however,  w^hich  I  would 
like  to  ask.  Why  are  two  different  steam  pressures  carried  on 
the  boiler  plant  of  the  medical  college?  Would  it  not  have 
simplified  matters  to  have  carried  high  pressure  on  all  the  boilers, 
reducing  it  by  a  pressure  regulator  for  heating? 

I  would  like  to  know  why  the  steam  engines  driving  the 
dynamos  at  the  new  site  were  not  all  made  compound — or  com- 
pound condensing  with  cooling  towers — particularl}^  the  large 
ones,  which  are  to  be  operated  all  day  long.  Would  not  this 
have  been  much  more  economical  in  the  use  of  fuel,  besides  afford- 
ing an  example  of  good  modern  practice  ? 

Another  question  is  as  to  whether  the  220-volt  system  of  elec- 
trical distribution  was  considered.  A  rough  computation  shows 
that  it  would  have  made  a  saving  of  fully  $10,000  in  copper.  In 
addition,  the  pressure  would  have  been  more  uniform  throughout 
the  system,  and  the  higher  voltage  is  better  adapted  for  powder 
service,  which  in  this  plant  is  an  important  feature.  Was  it  on 
account  of  the  inefficiency  of  the  present  220-volt  incandescent 
lamp  and  the  objections  to  the  220-volt  arc  lamp?  If  the  latter, 
two  110-volt  lamps  could  have  been  operated  in  series  Avith  entire 
satisfaction.  Another  excellent  plan  would  have  been  to  have 
emploA^ed  the  three-wire  110-volt  system. 

Another  question  is  as  to  elevators,  which  are  all  electric, 
except  the  three  in  University  Hall,  Avhich  are  hydraulic.  What 
special  reason  w^as  there  to  justify  the  increased  complication  and 
expense  of  hydraulic  elevators  for  this  particular  building  ? 

Mr.  Edioavd  A.  Darling.'^ — In  reply  to  Mr.  Bryan's  inquiries, 
first,  as  to  why  two  steam  pressures  were  used  at  the  medical 
school,  I  w^ould  sa}^  that  the  five  horizontal  tubular  boilers  in  the 
original  plant  w^ere  designed  for  an  extreme  working  pressure 
of  60  pounds  to  the  inch,  and  this  Avas  the  pressure  used 
for  poAver  purposes,  as   Avell  as  for  heating.      When  the  plant 

*  Author's  closure,  under  tlie  Rules. 
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was  enlarged  and  the  use  of  power  for  vai-ious  ])urposes  ex- 
tended, we  decided  to  secure  the  economy  which  attends  the  use 
of  high-pressure  steam  and  use  the  old  l)oilers  at  low  pi-essure 
for  heating  purposes  only.  Undoubtedly  it  would  sim])lify  mat- 
ters to  carry  but  one  pressure  in  the  boiler  room  and  use  pressure 
regulators  when  needed,  and  that  is  the  practice  we  prefer,  but  in 
this  case  the  laws  Avhich  govern  the  resistance  of  materials  and 
the  regulations  of  the  police  department  forbade  our  raising  the 
pressure  in  the  old  boilers,  and  we  were  unwilling  to  forego  the 
benefit  to  be  derived  from  high  pressure  in  the  new  boilers. 

2.  The  reason  why  the  Corliss  en  ines  at  the  new  site  were  not 
compounded  was  that  these  engines  are  run  mainly  during  the 
winter  months,  when  every  pound  of  exhaust  steam  is  used  for 
heating,  in  addition  to  the  live  steam  which  is  used.  Under  such 
circumstances  there  would  be  no  econom}^  in  compounding,  but 
rather  a  waste  in  added  friction. 

By  the  same  token  the  cooling  towers  would  work  our  un- 
doing. 

3.  As  to  the  s^^stem  of  wiring  and  the  voltage  used.  At  the 
time  this  installation  was  Laid  down  the  incandescent  lamp  in 
vogue  required  from  110  to  120  volts  (at  this  writing  it  is  still  in 
vogue).  As  the  incandescent  lamp  was  the  principal  unit  to  look 
out  for,  and  we  were  dealing  with  accomplished  facts  rather  than 
future  possibilities,  the  low  voltage  was  adopted.  In  view  of  the 
comparatively  short  runs,  and  the  added  complication  in  detail 
which  the  three-wire  system  entails,  it  Avas  thought  best  to  stick 
to  the  simple  two-wire  system. 

We  have  had  no  occasion  to  change  our  views  on  this  point  up 
to  date.     If  we  do  we  can  raise  the  tension. 

4.  As  to  elevators.  Our  reason  for  using  hydraulic  elevators  in 
the  University  Hall  was  two-fold:  first,  as  the  elevators  are 
practically  in  the  same  room  with  the  boilers,  it  did  not  seem  at 
the  time  reasonable  to  us  to  transmit  a  load  through  the  genera- 
tors which  could  be  put  on  the  boilers  at  first  hand,  and,  second, 
the  ash  hoisting  is  done  in  the  early  morning  before  the  large 
generators  are  started. 

I  have  no  hesitation  in  saying  to  Mr.  Bryan  that,  all  things  con- 
sidered, in  ordinary  practice  I  prefer  the  electric  elevator  and 
advocate  its  use. 

Mr.  0.  C.  Woolson. — I  simply  want  to  ask  one  question  of  Mr. 
Darling.     I  do  not  think  the  Society  fully  understands  Avhether 
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his  10  per  cent,  was  in  favor  of  the  hard  coal  oi*  the  soft  coal,  and 
1  think  it  is  a  very  important  question. 

Mr.  Da7'lin(j. — The  dilference  in  economy  is  in  favor  of  the 
soft  coal.  That  is  my  finding — that  you  save  10  per  cent,  on  the 
soft  coal  over  the  anthracite ;  but  I  considered  it  better  not  to  try 
to  save  it. 
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DCCCXVI.* 
EXPERIENCES    WITH   DEEP- WELL    PUMP    JWDS. 

BY   G.    AV.    BISSKLL,    AM?:S,    IOWA. 

(Member  of  the  Society.) 

The  experiences  herein  described  have  been  had  in  connection 
with  the  deep  well  which  constitutes  the  principal  water  supply 
of  the  Iowa  State  College  The  well  has  a  total  depth  of  2,215 
feet.  Its  diameter  varies  from  12  inches  at  the  top  to  5  inches  at 
the  bottom,  as  follows  : 

From  the  surface  to  a  depth  of  120  feet,  cased  with  12-inch  steam  pipe 
this  point       " 


420     ' 

•■< 

10-iuch 

1,068     ' 

'            << 

8-inch 

1,430     ' 

t  < 

6|-inch  casing 

1,935     ' 

1            ( < 

5|-inch       " 

2,215     ' 

not  cased, 

5  inches  in  diameter 

The  normal  level  of  the  water  in  the  well  is  about  25  feet  below 
the  surface  of  the  ground.  The  level  is  lowered  rapidly  by  pump- 
ing to  a  definite  depth,  which  is  dependent  upon  the  amount  of 
water  removed.  As  ordinarily  run  the  pump  removes  about  8,000 
gallons  per  hour,  and  the  level  of  the  water  is  held  at  about  220 
feet  below  the  surface.  The  cylinder  containing  the  pistons  is 
hung  at  a  depth  of  300  feet,  being  screwed  to  a  7-inch  drop-pipe 
suspended  to  the  well-head.  The  cylinder  is  Sf  inches  internal 
diameter,  and  of  a  length  suitable  for  the  movement  of  two  pis- 
tons each  of  24-inch  stroke.  These  pistons  are  siugle  acting, 
have  conical  double-seated  metal  valves,  and  are  packed  with 
four  cup  leathers  each.  Each  piston  is  attached  to  a  string  of 
rods,  that  for  the  lower  piston  working  within  that  for  the  upper. 

In  addition  to  lifting  the  water  to  the  surface  these  pistons  de- 
liver the  water  into  an  elevated  tank  in  which  the  maximum 
height  of  the  water  level  is   150  feet  above  the  surface.     Thus 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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Fig.  253. — Johnson  Continuous-Flow  Pump. 
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Fig.  -254. 

when  pumping  8,000  gallons  per  hour  the  pistons  lift  the  water 
against  a  total  head  of  370  feet.  In  order  to  move  the  water 
without  shock  under  these  conditions  it  is  desirable  that  the 
working  strokes  of  the  i)istons  not  only  alternate  but  overlap. 
This  can  be  secured  by  actuating  each  piston  by  a  quick  return 
motion.  The  pump  at  the  Iowa  State  College  embodies  this 
idea.     It  is  known  as  the  Johnson  Continuous-Flow  Pump,   and 
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is  tlio  invention  jind  design  of  Mr.  E.  E.  Johnson,  member  of  tliis 
Society. 

Fig  253  sliowsaplan  and  elevation  of  the  Johnson  pump.  The 
quick  return  is  accomplished  by  a  combination  of  the  Whitworth 
motion  and  the   offset  crank.     The   mechanism    also   results   in 


_J 


Fig.  255. 


having  each  string  of  rods  and  its  connecting  rod  nearly  in  line 
during  the  upward  or  \vorking  stroke.  Fig.  251  is  a  photcgniph  of 
the  pump  and  engine  complete.  The  engine  is  steeple  compound, 
8  and  16  by  8,  200  revolutions  per  minute,  geared  to  drive  the 
pump  at  30  revolutions  per  minute.  At  80  pounds  steam  pressure 
and  2-1  inches  of  vacuum  the  duty  of  this  pump  is  between  40,000,- 
000  and  45,000,000  foot-pounds  per  1,000  pounds  of  dry  steam. 


Fig.  256. 


The  inside  string  of  rods  originally  furnished  by  the  makers  of 
the  pump  were  1^  inches  diameter  in  the  body ;  the  ends  were 
upset  for  a  1^-inch  bolt  thread,  and  had  square  shoulders  for 
wrenches.  The  couplings  were  extra  heavy  and  tapped  parallel 
so  that  the  rods  would  come  together.     The  outside  string  of  rods 


EXPERIENCES   WITH    DEEP-WELL   PUMP   HODS. 


'29 


consists  of  2-incli  pipe,  ends  u])set  and  connected  by  veiy  heavy 
couplings.     Tiiese  rods  are  made  up  witli  pipe  tools. 
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PROFILES. 
N.  S.  E.  W. 

,,  „  n  .,  "00 

5      0       5  5  0       5         JOINTS 


INSIDE  RODS. 


OUTSIDE    RODS. 


CONDITION  OF  TWIST  IN  CONDITION   OF 

COUPLINGS  WEAR  COUPLINGS 


- 

0 

Worn,  but  not 
ID  threads. 

Not  worn. 

- 

N 

Not  worn. 

- 

M 

Worn  .<lightly. 

Not  worn. 

- 

L 

Worn  sliphtly. 

0° 

90° 

0° 

0° 

180° 

135° 
135* 

ISO'^ 

180° 

45° 

0° 

Not  worn. 

— 

K 

Worn  nearly  to 
threads. 

Not  worn. 

— 

J 

Worn  7iearly  to 
threads. 

Not  worn. 

- 

1 

Worn  nearly  to 
threads. 

Not  worn. 

-nH 

Worn  to  threads. 

Not  worn. 

1 

- 

G 

Worn  to  threads. 

Not  worn. 

- 

F 

Worn  nearly  to 
threads. 

Brightened. 

- 

E 

Worn  to  threads. 

Brightened. 

1 

- 

D 

Worn  to  threads. 

Worn    appreci- 
ably. 

- 

C 

Worn  nearly  to 
threads. 

Worn  consider- 
i'bly. 

- 

B 

Worn  nearly  to 
threads. 

Worn     appreci-     i 
ably.                     1 

\ 

\ 

- 

A 

Worn  to  threads. 

Erifilitened  a 

little. 

i 

\ 

1 

{Upper 
'Plunger 

1 
Not  worn. 

5       0      5 


5       0      3 


Horizontal  scale  is  magrnified  twenty-four  times. 

Well  CMsing  is  12  inches  to  l-iO  feet  below  pump  house  floor  and  10  inches  rest  of  way. 

Drop-pipe  is  7  inches. 

Fig.  257. 


The  pump  was  installed  in  the  fall  of  1897.  On  January  16, 
189S,  the  inside  rods  parted.  Examination  showed  that  many  of 
the  inside  rods  were  badly  worn  at  the  joints,  and  that  one  coup- 
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ling  liad  been  so  far  reduced  as  to  have  i)arted  under  the  workino' 
strain.  Fi<^.  '255  shows  the  appearance  of  many  of  the  couplings. 
Fig.  25()  shows  the  wear  on  the  scjuaro  of  the  rod  near  the  cou[)ling. 
Some  couplings  on  the  outside  rods  also  showed  considerable  wear. 
This  fact  was  taken  to  indicate  that  the  drop-pipe  might  be 
crooked,  due  to  lack  of  straightness  in  itself  or  in  the  casing 
of  the  well.  Accordingly  the  profiles,  in  two  planes,  of  the 
centre  line  of  the  drop-pipe  were  determined  by  means  of  a  wire 


Fig.  258. 

cage  lowered  by  a  steel  wire  into  the  drop-pipe  from  a  fixed  point 
vertically  over  the  centre  of  the  top  of  the  drop-pipe.  Deviations 
of  the  wire  from  this  centre  as  the  cage  descended  gave  data  for 
plotting  the  profiles.  These  are  shown  in  Fig  257,  together  with  a 
statement  of  the  condition  of  both  strings  of  rods  at  each  joint 
thereof.  "  Twist  in  Wear  "  refers  to  the  relation  of  the  wear  on 
the  opposite  ends  of  the  same  rod.     Certain  coincidences  in  the 


Fig.  259. 


wear  of  the  outside  rods  and  the  profiles  of  the  drop-pipe  led  to 
the  placing  at  the  points  B,  D,  and  F  of  brass  winged  guides, 
loose  on  the  outside  rods,  and  having  broad  shoes  bearing  loosely 
on  the  inside  of  the  drop-pipe.  Yery  little  wear  of  the  outside 
rod  couplings  or  of  the  guides  themselves  has  since  been  observed. 
But,  as  will  appear  later,  the  drop-pipe  has  been  removed,  and  a 
chance  thereby  given  to  rectify  or  perhaps  increase  the  crooked- 
ness of  the  drop-pipe,  provided  the  same  was  not  due  to  crooked- 
ness of  the  casing  of  the  well. 
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The  first  break  aud  wear  of  the  iuside  rods  were  repairer]  l)y 
putting  iu  new  couplings.  At  i\n)  sauKi  time  new  inside  rods  were 
ordered,  but  the  old  ones  parted  ag  lin  before  tin;  new  ones  arrived. 
The  second  failure  occurred  Febiuary  2(3,  18'. >8.  The  new  rods 
were  put  in  place  soon  after.  They  differed  in  design  from  the 
old  ones  in  being  made  of  extra  heavy  1-inch  i)ipe  with  ends 
welded  on  and  provided  with  couplings  smaller  than  the  bod}-  of 


Fig.  260. 


Fig.  261. 


Fig.  262. 


the  rods.  An  end  of  one  of  the  new  rods  is  shown  in  Fig.  258.  On 
May  10,  1898,  tlie  rods  were  removed  to  free  one  of  the  pistons 
of  a  knot  of  rope  which  had  lodged  therein.  At  this  time  serious 
wear  was  noticed  in  the  inside  rods,  and  its  character  was  such 
as  to  lead  to  the  conclusion  that  the  wear  was  due  to  the  rods  not 
being  in  line  at  the  joints.  Simple  tests  confirmed  this  conclusion 
and  the  rods  were  very  carefully  straightened  before  replacing  in 
the  well.     No   further  trouble  on  account  of  the   rods  was  ex- 


FiG.  263. 


Fig.  264. 


Fig.  265. 


perienced  until  about  the  middle  of  October,  when  removal  of  the 
rods  was  necessar}^  and  brought  to  light  one  case  of  serious  wear, 
due  to  a  crooked  joint.  Fig.  259  shows  the  end  of  one  of  the  two  rods 
which  were  joined  at  this  place.  Tlie  pipe  forming  the  body  of  the 
rod  had  been  worn  througli.  Figt^.  260,  261,  and  262  show  sections 
of  same  rod  at  distances  of  12,  24,  and  48  inches  respectively  from 
the  joint,  and  Fig.  263  shows  the  coupling  and  a  portion  of  the  rod. 
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Figs.  2G4:  and  265  sliow  the  accompanying  wear  on  the  inside  of 
ail  outsider  rod.  On  March  6,  181)1),  the  rods  were  removed  fo' 
inspection  and  found  to  he  in  ij!;oo(\  (;ondition. 

An  interesting  experience  with  the  drop-pipe  may  be  recorded 
here.     During  the  months  of  May,  June,  and  July  the  number  of 


Fig.  266. 

hours  of  pumping  required  to  keep  up  with  the  demand  was 
noticed  to  increase  day  by  day,  the  working  level  of  the  water 
rose  gradually,  and  the  water  became  highly  charged  with  air. 
A  tank  measurement  of  the  displacement  of  the  pump  showed 
an  enormous  slip.  A  leak  in  the  drop-pipe  was  suspected.  Ac- 
cordingly, early  in  August  the  rods  were  pulled.     No   defects  of 
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rods  or  pistons  were  noted.  A  test  of  tlie  drop-pipe  with  its  lower 
end  plugged  showed  a  considerable  leakage.  The  casing  was 
taken  out,  and  at  a  depth  of  about  200  feet  was  found  a  hole 
worn  by  erosion  of  the  water  between  a  coupling  and  the  pipe 
to  which  it  was  attached.     Figs.  206  and  lG7  give  a  good  idea  of 


Fig.  267. 

the  size  and  location  of  the  hole.  Evidently  a  small  original 
defect  in  the  thread  of  the  pipe  or  coupling  had  been  enlarged 
by  erosion  to  the  dimensions  shown.  At  this  point  the  pressure 
of  the  water  was  at  least  150  pounds  per  square  inch.  The 
escape  of  the  water  into  the  space  between  the  drop-pipe  and 
the  casing  would  account  for  the  rise  of  the  working  level  and  the 
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aei'ation  of  the  water.     No  flaw  of  manufacture  could  be  detected 
in  tlio  material  of  the  ])i|)e. 

The  thanks  of  the  writer  are  due  to  his  colleague,  Prof.  A. 
Marston,  for  the  profiles  of  the  drop-pipe  and  for  other  assistance 
in  the  preparation  of  this  paper. 

DISCUSSION. 

Prof.  F.  R.  Ihiiton. — It  is  perhaps  because  I  do  not  under- 
stand the  exact  mechanical  detail  of  the  Johnson  pump  that  I 
rise  to  ask  the  hydraulic  engineers  of  the  Society  their  opinion 
upon  a  quick-return  mechanism  for  actuating  a  ])ump  rod  in  a 
deep  well.  The  theory,  I  take  it,  is  that  since  the  pump  is  not 
liftino-  on  the  descend i no-  stroke,  therefore  the  rod  could  de- 
scend  more  quickly  and  by  the  exertion  of  a  less  leverage  than 
upon  the  Avorking  or  up  stroke.  It  would  seem  to  me,  however, 
that  the  volume  dis})laced  by  the  pump  rods  would  force  a  con- 
siderable lifting  of  water  even  upon  the  idle  stroke.  I  have  been 
brought  up  to  believe  that  there  is  a  considerable  waste  of  energy 
in  unnecessarilv  accelerating-  the  mass  of  water  wdiich  is  beinof 
pumped,  and  that  water  objects  to  this  acceleration  with  a  deter- 
mination which  will  put  considerable  strain  upon  long  rods 
wdien  it  is  attempted.  May  it  not  be  the  case  that  a  considerable 
stretch  upon  the  pump  rod  results  when  the  quick-return  motion 
occurs,  and  that  this  stretch,  concurring  with  abrasive  wear  dur- 
ing the  pushing  stroke,  has  helped  the  rapid  wearing  of  the  rod 
at  points  w^here  this  stretching  was  concentrated  ? 

Mr.  C.  V.  Kerr. — I  do  not  get  up  because  I  consider  myself  one 
of  the  hydraulic  experts;  but  I  think  I  can  throw  some  light  on 
Professor  Button's  query.  1  have  had  something  to  do  wntli  one  of 
the  Johnson  deep-Avell  pumping  stations  at  Riverside,  near  Chicago, 
and  we  found  in  that  case  very  much  the  same  Avearing  of  the 
knuckle-joints  in  the  inside  rod  that  is  s]wken  of  here.  It  seemed 
to  me,  however,  that  it  was  largely  due  to  the  effort  on  the  part 
of  the  contractors  at  that  time  to  get  the  pumping  machinery  up  to 
the  required  speed  of  thirty -seven  revolutions  per  minute,  and  that 
the  consequent  high  speed  of  the  pump  caused  the  rods  to  buckle; 
that  is,  that  there  Avas  a  certain  speed  at  which  the  effect  of 
gravity  would  pull  the  rods  down  and  keep  them  straight,  and  if 
you  reached  a  higher  speed  than  that,  then  this  buckling  action 
took  place  on  account  of  the  effort  of  the  machinery  above  to 
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push  the  plunger  down.  Now,  since  last  October  or  November,  at 
Avhich  time  the  higher  speeds  were  run,  the  ])uniping  machinery  has 
been  run  at  not  over  two-thirds  of  its  rated  ca|)acity.  Tiiose  pump 
rods  have  been  taken  out  since  and  have  been  found  in  o-ood  con- 
dition,  the  knuckles  not  being  worn  at  all.  In  regard  to  the  other 
point  raised  by  Professor  Ilutton,  I  think  that  possibly  he  misunder- 
stands Mr.  Johnson's  purpose  in  using  the  quick-return  motion.  It 
is  to  give  a  slow  movement  on  the  up  stroke  when  the  plungers  are 
doing  work,  and  a  quick  motion  on  the  down  stroke  when  the 
plunger  is  simply  passing  through  the  water.  The  idle  plunger 
takes  hold  of  the  stream  of  water  just  before  the  working  one  lets 
go,  and  the  consequence  is,  or  is  supposed  to  be,  that  the  stream 
maintains  a  steady  velocity.  It  is  not  the  purpose  of  the  quick 
return  to  accelerate  that  stream ;  it  is  to  give  the  stream  a  steady 
motion  by  giving  the  working  plunger  itself  a  steady  motion. 

Hr.  Fra7ic{s  H.  Boyer. — About  fifteen  years  ago  I  was  brought 
in  contact  with  quite  a  number  of  deep  wells.  We  tried  the 
method  of  using  iron  pipe  for  pumping  rods.  The  wear  on  the 
casing  or  the  tubing  forming  the  well  was  such  that  within  a 
short  time  the  casing  would  be  worn  through  and  destro3^ed. 
In  the  paper  that  has  just  been  read  I  recognize  an  action  to 
which  I  should  attribute  materially  the  wearing  of  these  metallic 
pumping  rods.  We  have  substituted  and  are  using  to-day  a 
wooden  rod,  so  made  that  the  joints  forming  the  connections  are 
smaller  than  the  body  of  the  rod,  and  when  it  comes  in  contact 
with  the  walls  of  the  pipe  of  the  pump  chamber  it  is  wood 
against  iron,  and  the  result  is  that  we  have  a  destruction  of  wood 
which  we  can  get  out  of  the  well  with  very  little  expense,  and 
put  in  another  piece,  with  a  carpenter's  work  of  one  or  tAvo  hours, 
and  save  our  pump  casings.  When  we  were  still  working  with 
the  iron  rods  we  put  in  what  we  termed  at  that  time  spiders  or 
guides  made  of  composition,  soft  brass  or  metal,  and  let  them  wear 
up  and  down  to  keep  the  iron  rods  away  from  the  casing.  These 
guides,  however,  would  soon  be  destroyed ;  while  Avith  the  Avood, 
if  the  rod  buckled  or  pushed  over  to  one  side,  Avhich  it  does 
either  Avith  iron  or  Avood,  little  harm  Avould  be  done.  When  3^ou 
think  for  a  moment,  even  if  you  have  got  a  single-acting  lift  pump 
you  are  getting  a  double  action  by  the  displacement  when  the 
piston  and  rod  descend  and  force  the  Avater  up.  With  a  single 
valve  you  get  the  water  discharged  on  both  strokes.  The  doAA^n 
stroke  equals  the  displacement  of  the  piston  AA^th  its  valve  going 
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down,  I  do  not  think  it  is  ])i'iictic}d  to  use  rods  nuulu  of  pipe,  and 
that  is  the  result  of  years  of  experience. 

The  President. — It  is  many  years  ago  that  J  had  my  experience 
with  deep-well  pumping  in  the  Biddy  Moriarty  oil  well,  which  I 
bored  with  my  own  hands  and  pumped  through  1,700  feet.  I 
used  wooden  rods  altogether,  and  would  not  think  of  trying  an 
iron  rod. 

Prof.  G.  W.  BisselL^-^ThQ  writer,  in  view  of  his  own  experi- 
ence, agrees  with  the  idea  that  wooden  rods  are  better  than  iron 
ones,  but  does  not  see  how  they  could  be  applied  to  replace  the 
outside  rods  in  the  college  pump.  Nor  does  it  appear  advisable 
to  revert  to  the  use  of  one  plunger  only ;  under  the  condi- 
tions the  Johnson  pump  gives  a  continuous  flow,  and  this  is  very 
desirable. 

*  Author's  closure,  under  the  Rules. 
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Dcccxvn.* 
PIPE  FLANGES  AND    THEIR   BOLTS, 

BY   A.    P.    NAGLE,    CHICAGO,   ILL. 

(Member  of  the  Society.) 

There  is  probably  no  part  of  a  steam  plant  which  presents  so 
untidy,  so  incongruous,  an  appearance  as  the  exposed  pipe  flange 
joint.  The  engine  itself  is  handsomely  finished,  and  all  its  steam 
joints  are  steam-tight  and  covered  in  a  substantial  manner  with 
non-conducting  material  and  sheet  steel.  But  we  do  not  get 
away  from  this  finished  and  polished  machine  before  we  are 
offended  by  the  sight  of  rough,  uncovered,  and  hot  pipe  flanges. 
Why  is  this  unsightly  practice  continued  ?  Why  should  not  a 
simple  little  round  j^ipe  joint  be  made  as  steam-tight  as  any 
part  of  the  engine  ? 

The  practical  engineman  will  tell  you  that  all  these  steam- 
pipe  joints  are  liable  to  leak  or  blow  out  at  any  time,  and  hence 
he  wants  to  have  easy  and  quick  access  to  them,  which  he  would 
not  have  if  they  were  covered.  Here  is  a  confession  of  a  weak 
point  in  our  steam-engineering  practice  which  should  not  be 
allowed  to  go  on  forever.  I  have  given  this  subject  considerable 
study  of  late  years,  and  some  of  my  conclusions  I  shall  be  glad 
to  lay  before  this  Society. 

It  can  scarcely  be  imagined  that  it  is  difficult  to  make  a  sin- 
gle flange  joint  steam-tight  when  undisturbed  by  an  extraneous 
force.  The  fact,  however,  is  that  in  a  modern  large  steam  plant 
the  elongations  due  to  heat  are  irresistible,  and  provision  must 
be  made  to  take  care  of  them.  This  is  not  always  easy  to  do 
within  the  limited  space  at  command,  but  it  may  be  set  down  as 
a  guiding  principle  that  wherever  possible  it  is  better  to  let 
these  expanding  forces  come  upon  torsional  resistances  rather 
than  in  the  form  of  transverse  stress  upon  the  pipe  and  its 
flanges.     Flexure  produces  a  strain  upon  the  bolted  joint  which 


*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  i>irt  of  Volume  XX.  of  the  Tranacwiions. 


738  PIPE    FLANGES    AND   THEIR    BOLTS. 

it  is  not  able  to  stand  to  auy  appreciable  degree  without  open- 
ing up  the  joint,  but  torsion  is  easily  resisted  by  a  bolted  joint 
to  any  degree  even  to  the  point  of  twisting  tho  pipe  to  destruc- 
tion, should  it  not  possess  sufficient  flexibility  to  give  the 
required  amount  of  angular  motion. 

Let  us  now  analyze  the  forces  at  work  upon  a  flange  joint,  its 
bolts  and  gasket,  for  the  standard  high-pressure  flanges  (250 
pounds  per  square  inch). 

The  first  problem  that  presents  itself  is  the  available  power 
of  bolts  to  make  tight  joints.  In  our  Transactions,  vol.  xii., 
page  781,  Mr.  McBride  favors  us  with  a  practical  test  of  the  lift- 
ing power  of  a  common  rough  screw  bolt.  These  experiments, 
together  with  the  discussion  which  followed  his  paper,  clearly 
indicate  that  only  10  per  cent,  of  the  theoretical  power  of  a  bolt 
may  be  taken  as  its  effective  or  actual  binding  power. 

These  experiments  also  show  that  200  pounds  may  be  taken 
as  the  maximum  pull  one  man  can  exert  for  a  moment  in  tight- 
ening up  a  nut. 

With  these  data  before  us  I  have  constructed  Table!.,  which 
gives  the  available  power  of  different  size  bolts  with  various 
lengths  of  wrenches,  and  also  what  length  of  wrench  would  be 
required  to  obtain  the  safe  limit  of  stress  of  metal  in  a  bolt — say 
10,000  pounds  per  square  inch. 

It  will  be  seen  by  column  6  that  about  10,000  pounds  effective 
binding  force  is  available  with  one  man  and  the  ordinary  length 
of  wrenches  in  use. 

Mr.  McBride  gives  it  about  7,500  pounds,  but  I  have  assumed 
longer  wrenches  than  were  used  by  him. 

It  will  be  seen  that  a  f-inch  bolt  should  be  strained  to  only 
3,020  pounds  when  its  fibre  stress  amounts  to  10,000  pounds  per 
square  inch.  This  is  fully  as  much  as  it  is  safe  to  put  on  it,  for 
a  non-calculable  allowance  must  be  made  for  the  weakening 
effect  of  the  sharp  thread  ending  in  a  rough  and  eccentric  man- 
ner to  the  body  of  the  bolt,  and  its  head  and  nut  not  having  a 
full  and  fair  bearing.  These  causes  make  the  bolt  much  weaker 
than  its  calculated  strength,  and  7,000  pounds  per  square  inch 
would  probably  be  as  great  a  stress  as  it  is  safe  to  put  upon  the 
bolt  metal. 

Column  9  shows  what  length  of  wrench  would  be  required, 
allowing  \^  inches  from  end  to  centre  of  hand,  and  exerting 
a  pull  of    200  pounds,  in  order  to  strain  the  fibre  in  bolt  to 
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10,000  pounds  per  square  inch.     Two  liundred  pounds  is  proba 
bly  more  than  men  will  pull  on  a  wrench,  still  they  can  do  it  by 
bracing  their  feet. 

Having  established  a  j)ressure  obtainable  by  bolts  let  us  now 
turn  to  Table  II.  and  see  what  the  result  is  when  applied  to 
flange  joints.  Columns  1,  2,  3,  and  4  are  self-explanatory, 
except  to  add  that  these  dimensions  are  those  given  by  the 
Chapman  Yalve  Company,  and  all  calculations  following  are 
based  upon  250  pounds  pressure  per  square  inch. 

Column  5  gives  the  pressure  per  square  inch  upon  the  gasket 
and  is  found  by  subtracting  from  the  power  of  the  bolts,  found 
in  Table  I.,  column  8,  the  steam  pressure  on  the  area  of  the  pipe, 
and  dividing  the  result  by  the  net  bearing  area  of  the  full  flange. 

For  example :  A  6-inch  pipe  flange  has  10  |-inch  bolts  whose 
combined  pressure  =  42,000  pounds. 

Pressure  in  6-inch  pipe  at  250  pounds  per  square  inch  =  7,075 
pounds. 

Net  total  pressure  on  gasket  =  42,000  -  7,075  =  34,925 
pounds. 

Net  area  of  flange  =  105  square  inches. 

Pressure  on  gasket  per  square  inch  =  34,925  -^  105  =  336 
pounds. 

It  will  be  observed  that  the  pressure  upon  the  gasket  is 
small,  going  as  low  as  168  pounds  per  square  inch  on  a  16-inch 
pipe,  and  the  highest  is  347  pounds  per  square  inch  on  a  3i-inch 
pipe.  With  250  pounds  steam  pressure  these  pressures  upon 
the  gasket  are  small,  and  it  is  not  surprising  that  when  a  slight 
transverse  stress  is  produced  by  expanding  pipes  the  joint  is 
opened  on  one  side  and  leaks  begin. 

We  naturally  turn  to  the  need  of  a  tongue  and  groove  to 
reduce  the  bearing  area  of  the  gasket. 

The  groove  also  has  the  merit  of  protecting  the  gasket  from 
misplacement,  or  being  forced  out  in  part  by  the  pressure  of  the 
bolts  ;  the  gasket  is  also  protected  from  being  blown  out  if 
slightly  relieved  on  one  side.  The  disadvantage  is  that  the 
gasket  is  not  renewable  without  opening  up  the  space  between 
the  pipes  several  inches,  which  is  not  always  possible.  But  I 
am  pleading  for  a  system  of  piping  and  joints  which  will  not 
blow  out  or  need  renewal. 

If  we  turn  to  column  6  we  shall  find  the  width  of  tongue  used 
by  the  Chapman  and  Crane  companies.     One-half  (i)  inch  is  too 
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narrow  for  practical  safe  liandling  of  <ijaskets.  Column  7,  how- 
ever, shows  the  effective  pressure  on  these  narrow  gaskets.  In 
the  smaller  sizes  the  pressure  runs  up  to  2,500  pounds  per 
square  inch,  and  in  the  larger  sizes  it  goes  as  low  as  600  pounds 
per  square  inch. 

It  would  appear  at  once  that  some  more  nearly  uniform  pres- 
sure upon  the  gaskets  would  be  desirable,  and  I  have  therefore 
assumed  that  1  inch  width  for  all  sizes  of  pipes  would  be  a  very 
good  standard  to  use.  Still  retaining  the  Cha2)man  bolt  table, 
columns  8,  9,  and  10  will  show  the  result  of  using  this  width  of 
tongue.  It  will  now  be  seen  that  the  pressure  per  square  inch 
of  gasket  varies  but  little  from  1,000  pounds,  although  a  few 
extreme  cases  go  from  755  pounds  to  1,360  pounds. 

We  could  use  said  bolt  table,  but  change  the  width  of  tongues 
to  one  inch,  and  yet  get  very  much  better  practical  results  than 
with  existing  proportions,  but  to  get  still  better  and  more  uni- 
form results  as  indicated  in  column  17  I  have  revised  the  num- 
ber and  sizes  of  bolts  slightly.  Columns  11  and  12  give  the 
Chapman  bolt  table,  columns  13  and  14  the  Crane,  and  15  and 
16  the  one  I  recommend.  It  will  be  observed  that  I  have  not 
created  any  new  sizes,  but  have  used  in  part  from  each  of  the 
above-mentioned  tables. 

The  Crane  table  evidently  has  aimed  to  make  the  number  of 
'bolts  divisible  by  4,  so  as  to  permit  turning  valves  quartering 
after  being  drilled ;  whether  this  is  of  sufficient  practical  impor- 
tance to  offset  the  better  holding  of  joints  I  am  not  prepared  to 
say,  but  we  see  now  what  is  desirable  for  bolts  and  gaskets,  and 
we  can  come  as  near  to  its  fulfillment  as  circumstances  will  ad- 
mit of. 

Up  to  and  including  9-inch  pipe  I  have  not  changed  the 
Chapman  bolts,  but  for  10-inch  and  12-inch  I  have  adopted  the 
Crane  table,  namely  12  and  16  bolts  1  inch  in  diameter  respec- 
tively, instead  of  15  and  18  seven-eighths  (f)  bolts,  not  simply 
because  they  give  somewhat  greater  pressure  on  the  gasket,  but 
for  reasons  already  pointed  out,  namely,  that  the  |^-inch  bolt  is 
below  the  safe  minimum  size  bolt  pointed  out  in  Table  I.  I 
will  also  add  that  my  personal  practice  has  banished  the  f-inch 
bolt  from  use  on  these  sizes  of  pipes  years  ago,  because  I  have 
found  it  would  not  stand  the  strain  put  upon  it  in  practical  use. 

On  the  16-inch  pipe  the  Crane  20-1-inch  bolts  give  better 
results   than  the   Chapman   18-1 -inch,  but  I  would  recommend 
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this  number  and  size  be  increased  to  IJ  inch.  On  the  15-iuch 
pipe,  a  rather  odd  size,  I  would  also  make  20-1 J -inch  bolts  instead 
of  18-1-inch.  In  all  sizes  above  16-inch  these  two  manufacturers 
agree,  but  I  recommend  that  the  i^2-inch  pipe  flange-bolts  be  in- 
creased from  1^  to  IJ  inch,  the  number  ( 2-4 1  remaining  the  same. 

It  is  striking  how  much  more  uniform  pressures  upon  the 
gaskets  are  produced  by  a  standard  width  of  tongue  of  one  inch 
than  by  the  present  practice,  and  it  seems  to  me  that  the  adop- 
tion of  such  a  standard  would  be  very  desirable. 

In  column  9  are  given  the  inside  diameters  of  tongues  if  my 
recommendations  were  adopted. 

The  tongues  and  grooves  of  the  Crane  Company  are  of  pre- 
cisely the  same  diameters  as  those  of  the  Chapman  Company. 


Vaglo 


Fig.  268. 


The  projection  of  tongues  in  Chapman  tables  varies  from  ^ 
inch  to  yV  inch;  the  depth  of  the  grooves  is  not  given.  In  the 
Crane  tables  the  projections  of  tongues  vary  only  from  -f^  inch 
to  J  inch,  and  the  depth  of  grooves  is  always  -^  inch  less  than 
the  tongues. 

I  would  recommend  for  adoption  in  all  cases  a  uniform  tongue 
projection  of  ^  inch  and  a  depth  of  groove  of  -f^  inch. 

One  word  about  the  thickness  of  flanges.  When  the  tongue 
and  groove  construction  is  used  the  flange  becomes  an  over- 
hanging beam  and  it  should  be  made  very  strong.  I  would 
recommend  that  in  all  cases  the  flange  be  thickened  at  the  bolt 
with  a  hub  extending  back  as  far  as  the  hub  of  the  flange.  This 
is  a  construction  already  in  use  by  some  manufacturers  in  some 
of  their  flanges. 
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In  order  to  carry  out  more  completely  the  writer's  idea  of 
relieving  flange  joints  of  all  transverse  stress,  or  flexure,  and 
substituting,  so  far  as  possible,  torsional  strains  tlierefor,  I  have 
designed  a  pipe  construction  which  admits  of  torsional  move- 
ment to  a  large  degree  without  straining  either  the  material  of 
the  tube  or  the  flange  joint  to  any  appreciable  extent.  It  is 
shown  in  Fig.  268  and  consists  of  what  might  be  termed  stave 
construction  instead  of  solid  pipe.     These  staves  are  steel  rods 


Fig.  260. 


securely  fastened  to  the  flanges.  Exterior  to  these  staves  are 
strong  iron  or  steel  enveloping  rings.  Interiorly  is  a  tbin,  longi- 
tudinally corrugated  copper  tube  also  securely  fastened  to  the 
end  flanges.  We  now  have  a  pipe  w^hich  is  strong  in  every 
direction  but  one,  namely,  that  to  resist  torsion.  With  these 
flexible  tubes  put  in  in  the  proper  manner  all  elongations  of 
steam  pipes  should  be  easily  taken  care  of  and  without  straining 
any  joint  to  a  dangerous  degree.     See  Fig.  269. 

I  do  not  intend  to  patent  this  form  of  pipe,  and  hence  it  can 
be  made  by  any  one  who  chooses  to  do  so. 
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3.  Length  of  wrench  customarily  used  in  shop  practice. 

4.  Application  of  liand  taken  at  U  inches  from  end  of  wrench. 

5.  Pull  or  force  of  man  taken  at  200  pounds,  or  P=  6'x  7^x200. 

6.  Effective  Pull  =  10  per  cent,  of  la^^t  column. 

8.  When  met.il  is  strained  to  10,000  pounds  per  square  inch,  bolt  is  strained,  or  will  resist,  as 

per  this  column. 

9.  (Length  of  wrench-U)x  3.1416  X  Tx^^^J^  ^  columns. 
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DISCUSSION. 

Mr.  F.  A.  ITaJsey. — The  sketch,  Fig.  270,  sliows  a  form  of 
joint  with  Avhich  I  became  acquainted  some  years  ago,  and  which 
was  so  satisfactory  under  trying  conditions  that  it  deserves  to  be 
more  widely  known.  It  was  invented  by  Captain  Kapietf  for  use 
with  the  dynamite  gun — that  is,  the  gun  commonly  known  as  the 
Zalinski  gun.  The  joint  was  applied  to  the  gun  itself,  which  is 
in  sections,  and  throughout  the  pipe  fittings.  The  receivers  are 
sectional,  with  numerous  connections,  and  positive  tightness  and 
reliabihty  are  essential.     The  firing  reservoir,  the  gun,  and  the 


Nagle 


Fig.  270. 


intermediate  connections  operate  under  a  pressure  of  1.000 
pounds  per  square  inch,  while  the  compressor,  the  storage  reser- 
voir, and  their  connections  operate  under  2,000  pounds. 

The  sketch  shows  a  section  of  the  joint.  A  groove  of  the  sec- 
tion shown  is  turned  in  the  face  of  each  flange,  a  surplus  or 
"  overflow  '-  space  being  provided  at  the  left.  In  the  space  formed 
bv  these  o-rooves  a  strip  of  round  soft  rubber  is  inserted,  the 
cross-sections  of  groove  and  rubber  being  so  proportioned  to  each 
other  that  when  the  joint  is  closed  the  rubber  will  occupy  part  of 
the  overflow  space.  The  rubber  used  is  not  a  continuous  ring  and 
is  cut  from  a  long  strip  with  a  scarf  joint  where  the  ends  meet. 

It  will  be  seen  that  the  pressure  coming  down  the  joint  drives 
the  rubber  into  the  angle  at  the  right,  and  that  leakage  is  prac- 
48 
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tically  impossible.  The  grip  of  Ui(i  bolts  is  not  relied  upon  to 
retain  the  rubber  by  friction,  as  ^vith  the  ordinary  gasket.  The 
joint  is  metal  and  metal,  and  the  })ipe  sections  may  be  gotten  out 
to  defined  lengths — a  feature  which  is  occasionally  useful.  In  the 
case  of  the  gun,  an  additional  feature  of  great  value  is  that  the 
tightening  of  the  bolts  does  not,  as  Avith  gaskets,  tend  to  throw 
the  sections  out  of  line. 

As  stated,  this  joint  was  used  in  a  great  number  of  cases,  and  I 
was  assured  that  failure  w^ith  it  was  unknown — positive  tightness 
being  expected  and  obtained  as  a  matter  of  course. 

Mr.  Beginald  Pelham  Bolton. — While  it  is  perfectly  clear,  as 
Mr.  Nagle  says,  that  some  improvement  is  necessary  in  flange  pipe 
joints,  I  do  not  think  his  paper  altogether  goes  far  enough.  lie 
has  not  given  us  a  comparison,  as  he  might  have  done,  of  the  flanged 
joints  which  he  has  tabulated,  with  those  joints  which  were  laid 
down,  I  believe  by  this  Society,  some  years  ago,  as  a  standard, 
and  also  those  which  were  brought  into  existence  by  the  Master 
Steamfitters'  Association,  both  of  which  are  largely  made  use  of. 
He  would  thus,  I  am  sure,  add  to  the  value  of  the  paper.  It  also 
appears  to  me  that  the  difficulty  under  which  we  are  laboring  is 
this — that  there  is  such  a  great  variety  of  pressures  that  no  uni- 
formity can  be  expected  in  the  matter  of  joints.  For  instance, 
in  steam  work,  it  is  only  of  recent  years  that  a  pressure  of  200 
or  250  pounds  has  become  common,  and  now"  it  is  necessary  to 
design  joints  for  that  pressure  ;  but  our  difficulties  even  with 
pressures  as  low  as  120  pounds  are  ver}^  considerable.  The  paper 
is  chiefly  devoted  to  dealing  with  flanged  joints  in  w^hich  a  recess 
exists,  and  there  is  considerable  difficulty  always  raised  in  the  use 
of  those,  by  steamfitters,  on  account  of  the  difficulty  of  discon- 
necting them,  and  there  is  very  much  prejudice  against  their  use 
on  that  account.  It  is  a  considerable  difficulty,  because  that  little 
tongue  which  has  to  be  gotten  out  of  the  groove  when  you  break 
a  joint  involves  taking  down  a  whole  line  of  pipe  to  get  down 
one  piece.  It  seems  to  me  that  is  so  serious  that  something  bet- 
ter than  the  tongue  and  groove  is  necessary  for  general  use,  if  a 
standard  is  to  be  laid  down  for  all  pressures.  Some  such  joint  as 
has  been  described  by  the  last  speaker  Avould  probably  meet  the 
objection  which  I  raised,  but  that  of  course  is  not  in  common 
practice.  Mr.  Nagle's  detail  of  a  piece  of  torsional  pipe  may 
possibly  be  of  considerable  value  in  certain  locations,  but  cer- 
tainly would  be  an  expensive  construction,  and  it  appears  to  me 
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to  be  somewhat  unnecessary,  inasmuch  as  these  torsional  strains 
all  arise  from  expansion,  and  if  the  expansion  is  properly  cared  for 
the  torsional  strain  Avill  practically  be  reduced  to  nothin<r.  Tn  kmg 
lines  of  pipe  expansion-joints  are  commonl}^  made  use  of,  and  the 
extensions  sideways  from  a  long  line  of  pipe  are  taken  off  in  such  a 
manner  as  will  allow  of  a  known  spring  in  the  pipe  itself,  which, 
therefore,  does  not  bring  a  great  strain  to  bear  on  the  flanges.  I  re- 
cently fitted  up  a  line  of  main  steam  pipe  300  feet  long  in  which  tlie 
expansion  was  quite  considerable,  and  we  have  not  any  expansion- 
joint  in  at  all.  There  are  five  spring  connections  taken  out  of  the 
top  of  the  line  for  engines,  the  end  of  the  line  200  feet  away  from 
the  boilers,  these  simph^  being  carried  out  beyond  the  engine  and 
brought  back  again  in  a  U  shape  and  down  to  the  engine.  These 
joints  have  given  no  trouble  whatever. 

Finally,  I  Avould  like  to  note  that,  in  those  sizes  of  flanges  and 
the  number  of  bolts  which  Mr.  Xagle  recommends,  it  appears  to 
me  that  he  has  not  recommended  sufiicient  strength,  1  have  had 
experience,  for  instance,  with  a  12-inch  steam  pipe  at  135  pounds 
pressure  where  a  flange  of  20  inches  in  diameter  with  18 — |-inch 
bolts  could  not  be  kept  tight,  but  as  soon  as  those  flanges  were 
replaced  by  heavier  ones  having  18 — 1-inch  bolts  in  there  was  no 
further  trouble  experienced.  As  the  writer  says,  the  question  of 
the  thickness  of  the  flange  has  more  to  do  with  it  than  anything 
else.  Most  of  the  troubles  I  have  found  in  flange-pipe  work  have 
arisen  from  the  distortion  of  the  flange  due  to  securing  the  pipe 
into  the  flange,  as  is  commonl}^  done,  screwing  it  in  tight,  or  ex- 
panding it  into  place.  Either  will  be  very  apt  to  throw  the  flange 
out  of  shape.  It  seems  to  me  that  proper  practice  would  call  for 
the  flange  to  be  turned  up  in  a  lathe  after  the  pipe  had  been  made 
tight  into  it.  It  is  probable  that  what  we  shall  arrive  at  in  no 
great  length  of  time  will  be  a  more  general  use  of  pipe  formed 
with  the  flange  in  one  piece,  such  as  the  cast-steel  piping  which  is 
being  successfully  used  in  Providence  and  elsewhere. 

Mr.  James  Mc Bride. — At  a  previous  meeting  of  this  Society  I 
had  something  to  say  on  the  pipe  joint.  I  can  only  reiterate  Avhat 
I  said  then.  I  think  the  great  difficulty  with  the  commercial 
flange  as  we  find  it  sold  by  dealers  is  that  it  is  not  heavy  enough  ; 
it  has  not  got  stock  enough  in  it.  As  we  say  in  Western  woods 
phrase,  it  hasn't  "  got  the  backbone  in  it."  We  have  had  a  great 
deal  of  trouble  with  steam-pipe  flanges  and  water-pipe  flanges, 
principally  with  steam  pipes.     I  elimina,ted,  I  naight  say,  90  per 
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cent,  of  nil  my  trouble  by  intikiiig  n\y  flanges  three  times  as  heavy 
and  putting  ])lenty  of  bolts  in  them  and  making  the  bolts  large. 
Make  your  lElange  of  anything  you  are  of  a  mind  to,  but  muke  it 
strong ;  give  it  strength,  so  that  all  the  strain  you  can  put  on  the 
bolts  will  not  distort  it.  I  agree  perfectly  with  the  gentleman 
wlio  spoke  last,  in  regard  to  making  a  flange  recessed.  If  any- 
body has  ever  had  any  experience  in  taking  apart  the  joints  in  a 
vacuum  pan  where  they  are  made  perfectly  rigid  and  there  is  no 
spring  whatever,  I  think  he  will  agree  that  the  plain  surface  flange 
is  the  proper  one,  and  there  are  lots  of  other  places  where  short 
steam  pipes  are  stiff  and  rigid  and  where  it  would  be  practically 
impossible  to  take  them  apart  in  the  time  in  which  repairs  have 
g-ot  to  be  made.  I  think  that  a  o^reat  deal  of  trouble  can  be  elirai- 
nated  by  simph^  making  the  flanges  very  heavy,  putting  in  plenty 
of  bolts,  and  making  the  bolts  large. 

Ifr.  Wm.  Kent. — I  think  that  the  fact  that  Mr.  McBride  has 
not  had  any  trouble  with  his  steam  pipes  has  not  been  due  entirely 
to  his  making  his  flanges  good  and  strong,  but  also  to  the  fact 
that  he  did  some  good  designing  on  his  pipe  hanging  beside :  that 
is,  he  did  not  introduce  these  transverse  strains,  which  Avill  make 
any  kind  of  a  flange  leak.  He  has  certainly  remedied  one  of  the 
great  troubles  of  the  steam-pipe  business,  which  has  been  to  make 
flanges  too  weak.  But  a  fully  equal  trouble  is  imperfect  design, 
by  reason  of  which  transverse  stresses  w^ere  brought  into  the  pipe. 
I  have  had  occasion  to  look  into  the  steam-pipe  question  a  good 
deal  in  the  last  two  or  three  years,  and  I  think  it  is  the  most  dan- 
gerous and  unsatisfactory  portion  of  the  whole  steam  plant.  It  is 
high  time  that  our  whole  practice  in  steam  piping  was  revolution- 
ized. I  think  one  of  the  things  to  do  is  to  get  rid  of  the  cast-iron 
flanges  altogether  and  cast-iron  short  elbow^s  and  come  to  forged 
steel  flanges  and  bent  steel  elbows. 

Mr.  H.  H.  Suplee. — In  this  connection  the  whole  discussion  has 
turned  toward  a  line  which  has  been  worked  out  very  carefully  in 
Germany  by  Professor  Bach,  and  his  paper  recently  presented  be- 
fore the  Society  of  German  Engineers  contains  much  valuable  in- 
formation on  this  subject.  He  experimented  with  pipes  and  fittings 
and  the  connections  for  flange  joints,  using  small  contact  rods 
touching  the  various  portions  of  the  fittings  and  provided  with  fine 
micrometers.  By  putting  on  a  heavy  pressure  and  then  releasing 
it,  the  movement  of  these  various  rods  showed  the  distortions  Avhich 
had  taken  place  in  the  fittings.    In  nearly  every  case  it  was  found 
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that  there  was  a  distortion  produced  by  the  pressure,  which  tended 
to  throw  the  flanges  out  of  truth,  the  strain  passing  beyond  the 
elastic  limit,  so  that  flanges  did  not  come  back  to  the  orit'-inal 
position.  The  whole  result  showed  that  the  pipe  flanges  and  fit- 
tings proportioned  according  to  the  old  rules  and  formulas  are  too 
light  for  the  pressures  we  are  now  using. 

Mr.  J.  F.  Johnson,  Jr. — A  point  which  I  think  has  not  been 
brought  out  in  this  discussion,  although  deserving  of  the  most 
careful  consideration,  is  the  effect  of  the  width  of  the  joint  face 
proper  upon  the  possibility  of  making  a  joint  tight  with  a  given 
number  of  bolts. 

It  is  necessary  to  remember  that  the  surfaces  in  contact  nmst 
be  drawn  together  at  aU  points  with  a  pressure  at  least  equal  to 
that  of  the  fluid  to  be  held,  or  else  there  is  going  to  be  a  leak. 

With  gaskets  which  are  comparative!}^  soft,  even  when  made  of 
metal,  this  is  generally  not  diflBcult,  as  the  pressure  per  unit  of 
surface  produced  by  any  reasonable  proportions  of  joint  face  and 
bolt  strength  will  cause  a  flow  which  will  close  up  all  fine  lines  or 
grooves  across  the  face  of  the  joint ;  but  when  the  joint  is  made 
metal  to  metal  it  is  necessarv  to  produce  sufiicient  pressure  to  ob- 
literate all  such  fine,  almost  microscopic,  imperfections  in  the 
joint  faces  by  forcing  them  together  with  such  a  pressure  as  to 
cause  the  metal  of  the  opposite  face  (in  each  case)  to  flow  into 
them. 

The  pressure  per  unit  of  area  is  simply  the  total  pressure  di- 
vided b}"  the  area  in  contact,  and  therefore  it  will  reqi|ire  in  any 
given  case  more  than  five  times  the  bolt  pressure  with  a  joint 
face  one  inch  wide  to  produce  tightness  under  a  given  pressure  as 
it  will  with  a  joint  face  three-sixteenths  of  an  inch  wide. 

To  the  speaker's  knowledge  joints  are  being  made  to-day  on  the 
lathe  and  boring  mill  without  any  subsequent  grinding  of  any 
kind,  and  without  any  especial  tooling  or  pains  whatever,  which 
are  tight  from  the  start,  by  simply  having  the  joint  face  only 
about  three-sixteenths  of  an  inch  wide,  and  making  the  flange 
stiff,  so  that  the  bolt  pressure  comes  on  the  joint  and  not  at  the 
outer  Q(\gQ  of  the  flange. 

This  latter  is  a  very  important  point  also,  and  one  to  which  too 
little  attention  is  paid. 

The  enormously  heavy  flanges  which  several  of  the  speakers 
have  advocated  here  to-night  would  not  be  necessary  if  the 
joint  face  was  at  the  inside  edge  of,  and  raised  above  the  surface 
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of  tlio  I'est  of,  tlie  ilango,  so  lliat  the  ilanges  coultl  not  possibly 
come  into  contact  except  inside  the  line  of  bolt  holes.  Where 
this  is  not  the  case,  but  the  face  of  the  fian^^e  is  flat  clear  across, 
the  effect  of  setting-up  the  bolts  is  to  draw  the  outer  qdges  of  the 
flanges  together  by  springing  them,  so  that  even  if  a  joint  is  made 
at  the  outside  edge  leakage  can  take  place  through  the  bolt  holes. 
The  excessively  heavy  flanges  Avhich  have  been  advocated  here  to- 
night are  a  partial  remedy  for  this  trouble,  but  a  much  simpler 
and  better  one  is  to  so  design  the  joint  that  the  surfaces  in  contact 
mast  be  inside  the  circle  of  bolts,  which  is  most  simply  accom- 
plished by  having  a  raised  strip  like  a  chipping  strip  as  wide  as 
may  be  thought  best  at  the  inner  edge  of  the  flange  on  all  pipes; 
then  there  are  no  unlike  ends  to  match  and  no  difficulty  in  get- 
ting out  any  piece  of  pipe  required,  without  disturbing  the  rest  of 
the  line.  When  gaskets  are  to  be  used,  the  speaker  ventures  to 
think,  with  all  due  deference  to  Mr.  Rock  wood,  that  it  is  much 
better  to  have  them  small  enouo^h  to  0:0  inside  the  circle  of  bolts 
altogether,  as  the  difficulties  of  handling  them  in  this  way  are  not 
great,  and  it  accomplishes  the  double  purpose  of  keeping  the  joint 
narrow  and  keeping  it  within  the  circle  of  the  bolts,  so  that  leak- 
ag-e  through  bolt  holes  ceases  to  be  a  factor.  The  writer  saw  the 
result  of  following  the  opposite  course,  that  is,  making  the  gasket 
the  Avhole  width  of  the  flange,  well  illustrated  not  long  ago,  on  a 
2-foot  pipe  carrying  air  under  a  pressure  of  about  4  pounds  per 
square  inch. 

The  original  joint  was  made  with  a  hoop  of  wrought  iron  of 
small  size  (about  quarter-inch)  wrapped  with  cotton  wicking 
soaked  with  red-lead.  The  pipe  stood  with  this  joint  for  many 
years,  and  leaks  were  never  thought  of.  Finally  it  was  taken 
down  to  be  re-erected  in  another  place,  and  to  save  the  trouble  of 
bothering  with  the  red-lead  and  wicking,  and,  as  it  was  supposed, 
to  make  an  extra  good  job  of  it,  thick  gaskets  of  rubber  com- 
position of  the  best  quality,  the  full  width  of  the  flange,  were 
ordered.  They  were  put  in,  and  nearly  all  the  joints  leaked.  The 
number  of  bolts  in  each  flange  had  finally  to  be  doubled  to  make 
them  tight. 

The  explanation  was  simple — the  pipe  was  steel-riveted  with 
angle-iron  flanges.  The  old  joints  were  tight  because  thej^  were 
narrow  and  the  pressure  per  unit  of  area  was  high,  because  the 
joint  was  made  entirely  inside  the  bolt  holes,  and  finally  because 
the  flanges  had  plenty  of  room  to  spring  under  the  pressure  of  the 
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bolts  without  coming  into  contact  at  the  outer  edge.  In  the  new 
joint  the  pressure  per  unit  of  area  was  only  a  fraction  of  what  it 
was  before  and  by  far  the  greater  part  of  it  was  at  the  outer  ailtre 
of  the  flanges,  so  that,  while  many  of  these  were  tight  there,  the 
bolt  holes,  being  inside  the  joint,  were  free  to  leak,  and  did  so. 

Prof.  Forrest  R.  Jones. — Xot  long  ago  I  had  occasion  to  in- 
vestigate the  forms  of  pipe  fastenings  commonly  used  for  high 
pressures. 

Among  these  connections  I  found  one  which  I  believe  is  fairly 
modern  and  which  the  chief  entrineer  of  one  of  our  larfrest  trac- 
tion  companies  had  adopted.  It  was  a  rolled-steel  flange.  The  pipe 
was  fitted  accurately  to  the  bore  of  the  flange.  The  latter  was 
heated  so  as  to  expand  it,  and  then  shrunk  on  the  end  of  the  pipe. 
The  end  of  the  pipe  was  then  either  rolled  or  peened  over  to  fit 
the  rounded  corner  of  the  bore  of  the  flange.  The  end  of  the 
pipe  was  faced  off  flush  with  the  flange,  so  that  the  one  was 
counterbored  and  the  other  fitted  into  it,  the  packing  lying  in  this 
counterbore.  The  object  in  doing  this  was  to  get  the  packing  so 
placed  that  it  Avould  cover  the  joint  between  the  pipe  and  the 
flange.  He  said  that  he  had  found  that  this  particular  form  of 
joint  had  given  perfect  satisfaction  throughout,  while  he  had  had 
a  great  deal  of  leaking  with  the  old  flat-faced  joint,  with  packing 
between  the  faces.  He  had  not,  for  his  work,  adopted  at  that 
time  what  he  said  he  would  if  he  had  larger  pipes  and  higher 
pressures  to  deal  with  ;  that  is,  he  would  have  threaded  the  end 
of  the  pipe  for  screwing  it  into  the  flange,  and  would  have  peened 
the  ends  over  and  faced  them  off  as  before.  What  I  want  to  call 
particular  attention  to  is  this  use  of  the  gasket  for  covering  the 
joints  between  the  flange  and  the  pipe  which  fits  into  it,  thus 
avoiding  leakage  between  the  flange  and  the  pipe,  as  well  as 
between  the  two  flanges. 

Mr.  Francis  II.  Boyer. — If  this  meeting  could  take  the  position 
of  the  old  class  meeting,  with  yourself  or  the  secretary  as  leader, 
and  you  should  speak  over  to  this  one  and  say  "  What  is  your  ex- 
perience V  and  to  that  one  ''  What  is  your  experience  V  we  might 
have  some  gfrand  thino:s.  We  have  oot  men  here  who  have  had  a 
great  deal  of  experience  with  pipe  flanges  under  very  heavy  pres- 
sures, and  one  of  the  best  informed  would  be  an  ice-machine  man, 
like  our  friend  George  Eichmond.  I  don't  know  why  they  should 
not  get  up  and  tell  what  their  experiences  are.  If  he  will  not  I 
will  do  the  best  I  can  for  him.     In  handling  work  for  the  lique- 
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faction  of  gases  we,  for  instance,  have  to  meet  bard  conditions, 
and  in  my  practice  at  homo  a  week  doesn't  go  by  that  we  don't 
make  flanged  joints  that  we  test  under  hydrostatic  pressure  of 
1,000  pounds  to  the  square  inch.  AVe  do  not  use  any  class  of  work 
for  ammonia,  either  with  btharge  or  lead-soklered  joints,  without 
testing  it  to  1,000  pounds  to  the  square  inch,  and  we  never  have 
any  trouble.  We  take  and  put  a  small  recess  tongue  and  groove 
between  the  flanges  and  insert  a  lead  ring,  common  ordinary  lead. 
Sometimes  we  have  it  made  free  of  sulphur,  called  chemically  pure 
lead.  In  making  these  flanges  Ave  invariably  put  in  never  less 
than  four  bolts.  Sometimes  bolts  break  ;  bolts  come  defective 
from  the  factory,  and  break  without  any  apparent  excessive  strains. 
Now  then  we  put  in  four  bolts,  so  that  if  one  bolt  lets  go  we  have 
got  three  more  to  hold.  AVe  follow  that  practice  down  to  half- 
inch  pipe.  Where  there  is  a  charge  of  $4,000  or  $5,000  worth  of 
ammonia  gas  under  a  pressure  of  from  100  to  215  pounds  to  the 
square  inch,  it  is  a  pretty  bad  matter  if  a  joint  should  get  loose; 
if  you  do  not  get  your  men  away  you  have  got  a  big  loss  for  a  life 
to  pay.  For  that  reason  we  put  in  four  bolts  to  secure  in  case  of 
an  accident.  I  have  known  cases  where  we  have  had  pipe  tested 
as  high  as  2,000  pounds  to  the  square  inch  to  rupture.  When  we 
came  to  test  pipe  with  air  in  starting  a  refrigerating  or  ice-making 
machine,  and  we  pumped  the  air  too  rapidly,  the  oil  used  to  lubri- 
cate the  cylinder  walls  of  the  gas  compressor,  coming  in  contact 
with  the  heat  given  off  by  the  compressed  air,  finally  reached  the 
explosive  point  of  the  combination  of  air  and  oil,  and  a  rupture  of 
piping  follows,  Avith  a  terrific  report,  destrojdng  joints  and  pipe 
work  which  had  previously  been  tested  to  1,000  pounds  per  square 
inch.  Now,  in  reference  to  the  expansion  and  contraction  of  pipes, 
I  do  not  believe  there  is  a  joint  made  that  can  withstand  it.  I 
have  seen  in  cases  of  that  kind  where  it  stripped  the  threads.  The 
trouble  comes  in  making  this  class  of  work,  that,  as  a  rule,  they 
do  not  put  in  a  sufficient  amount  of  metal  to  make  Avork  of  that 
character.  Mr.  McBride  got  it  right ;  he  makes  his  OAvn  patterns 
and  sends  them  to  the  foundry,  and  has  them  made  and  brought 
back  and  puts  in  about  four  times  the  amount  of  metal  Avhich  is 
used  by  manufacturers,  and  then  you  are  on  the  safe  side.  Then 
get  in  bolts  enough  so  that  if  you  have  an  accident  you  have  more 
bolts  than  are  necessary  to  hold  it.  I  am  speaking  noAV  of  hand- 
ling gases,  and  that  is  the  Avay  in  Avhich  Ave  handle  them  and  do 
it  successfully. 
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Mr.  McBride. — I  have  tried  both  methods  which  have  been  re- 
ferred to,  and  I  have  done  it  very  carefully.  Neither  gave  any 
satisfaction,  because  on  the  lower  part  of  tlie  pipe,  if  it  is  a  hori- 
zontal pipe,  the  condensed  steam  will  lie  in  the  recess  and  will 
finally  destroy  the  joint,  will  cut  out  that  narrow  part  of  the  joint 
which  lies  between  the  ends  of  the  wrought-iron  ])ipe,  and  then 
the  joint  begins  to  leak.  The  same  thing  occurs  with  the  thread. 
I  have  tried  those  methods  so  thoroughly  that  I  have  given  up 
attempting  to  make  joints  tight  around  the  collar  of  the  flange 
by  those  means.  In  the  last  pipes  which  I  put  in  I  adopted  that 
section  referred  to  by  Mr.  Kent.  There  is  Avelded  on  to  a  steel 
pipe  a  steel  flange,  faced  true.  I  think  that  is  a  finality  in  mak- 
ing a  perfect  joint. 

The  I^reside?it.— When  we  are  putting  in  steam  pipes  10 
to  20  inches  in  diameter,  from  25  to  80  or  more  bolts  in  the  flange 
are  necessary  to  put  the  bolts  close  enough  together  to  make  the 
joints,  and  not  only  that — to  make  the  bolts  so  strong  that  when  a 
strong  man  puts  a  stress  on  the  bolt  he  is  neither  going  to  strip  the 
thread  nor  break  the  joint.  We  had  more  trouble  recently  in  the 
w^ar  with  Spain  with  leaky  joints  than  Avith  anything  else  on  our 
ships,  and  we  have  come  down  to  the  Avelded  flange. 

Mr.  Kent. — The  whole  cost  of  the  steam  piping  of  a  large  flange 
is  but  a  small  portion  of  the  total  cost  of  the  plant,  and  I  think 
we  should  be  willing  to  spend  the  cost  of  getting  the  steam  pipes 
right. 

Mr.  Reginald  Pelliain  Bolton. — I  would  like  to  call  attention 
to  a  good  joint  (Fig.  271).  The  tube  is  extended  through  the 
flange  and  turned  right  over  and  flattened  out  and  faced,  and 
the  joint  is  made  on  the  end  of  the  pipe  itself,  and  that  w4th  a 
very  strong  flange  makes  a  very  good  joint.  I  have  not,  how- 
ever, had  personal  experience  with  that. 

Mr.  Bryan. — You  use  no  gasket  ? 

Mr.  Bolton. — With  an  iron  pipe  use  a  copper  gasket ;  use  it 
large  enough  and  extend  out  beyond  the  joint  so  that  it  centers 
itself.  One  of  the  troubles  Avhich  I  have  experienced  in  this  class 
of  piping  has  been  with  the  workmen^  who  not  only  put  that  strain 
on  the  bolts  which  is  due  to  the  use  of  a  long  wrench,  but  I  con- 
stantly find  them  using  a  hammer  on  the  end  of  the  spanner,  and 
therefore  they  strain  these  bolts  probably  over  what  they  are 
capable  of  standing.  That  I  am  sure  has  been  a  cause  of  failure 
of  some  of  the  joints,  for  which  I  and  others  sorrow  to-day. 
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J//'.  Geo.  I.  Iiockirood. — ill  the  Itock\vo(j(l  j(jiiit  the  pipe  is  in- 
truded into  the  flange  a  sufficient  distance  to  allow  the  end  of  the 
pipe  to  be  turned  over  against  the  flange  while  it  is  hot.  Before 
flanging  the  pipe  it  is  rolled  into  the  recess  A,  Fig.  271,  by  an  ex- 
jnmder.  Xow,  unless  that  recess  is  cast  with  sharp  corners,  as  at 
A^  it  is  impossible  to  make  the  pipe  seize  hold  of  the  flange  by 
the  expanding  process.  Tt  will  spring  away  again  and  the  flange 
will  be  loose  on  the  pipe.  ]\[r.  Van  Stone,  superintendent  of  the 
AValworth  Manufacturing  Company  in  Boston,  has  made  many  of 
these  flanged  joints,  and  the  sharp-edge  feature  was  suggested 
and  put  into  practice  by  him.  I  prefer  to  rivet  the  skirt  of  the 
flange  to  the  pipe,  as  there  can  then  be  no  question  of  the  security 
of  flange  to  pipe. 


Kagle 


Fig.  271. 


The  chief  advantage  of  this  pipe  joint  is  the  fact  that  steam 
does  not  come  in  contact  with  the  cast-iron  flange,  as  the  joint  is 
made  between  the  abutting  ends  of  the  pipe,  and  their  edges  may 
be  caulked  if  necessarv. 

Mr.  2fcBr'ide. — I  would  like  to  ask  the  gentleman  if  the  sketch 
shows  copper  or  iron  pipe? 

2fr.  Jxocliwood. — The  pipe  must  be  best  charcoal-iron  pipe  or 
steel  pipe.  The  ordinary  commercial  pipe  will  not  stand  the 
flanging  process  Avithout  splitting.  There  is,  however,  no  difii- 
culty  in  getting  a  pipe  which  will  stand  it.  Boiler  flues  are  made 
of  the  right  kind  of  stock. 

Mr.  John  T.  Ilawl'lns. — I  would  like  to  add  my  endorsement 
to  the  remarks  of  one  of  the  previous  speakers  to  the  effect  that 
the  proper  thing  for  high  steam-pressure  piping,  so  far  as  flanges 
are  concerned,  is  to  have  them  made  also  of  rolled  steel.  Possibly 
steel  castings  would  be  nearly  as  good.  I  think  the  day  is  com- 
ing when  such  a  mechanical  abortion  as  a  steel  steam  pipe  with 
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cast-iron  flanges  screwed  upc^n  it,  tlie  pipe  being  peened  or  rolled 
on  the  inside  to  prevent  tearing  the  threads  oil  hv  longitudinal 
stress,  will  be  abandoned.  It  has  got  to  be  now  for  stationary 
work  that  there  is  quite  a  distinct  hne  drawn  betw(^en  what  is 
known  as  low-pressure  and  high-pressure  pipe,  and  in  the  latter 
case,  if  jou  merely  specif}^  that  you  are  going  to  carry  a  high 
pressure  of  steam,  and  want  homogeneous  steel  ])iping  for  the  pur- 
pose, the  contractors  will  generally  put  in  their  specifications  "  extra 
heavy  fittings,"  which  you  will  find  includes  cast-iron  flanges. 
Now,  if  w^e  screw  a  cast-iron  flange  Avith  six  or  eifdit  bolt 
holes  in  it  on  a  steel  pipe  and  then  rivet  or  peen  or  roll  it  over  on 
the  inside  to  prevent  it  being  draAvn  off,  we  are  bringing  strains 
on  the  cast-iron  flange  that  are  not  only  unknown  but  unknow- 
able ;  for  it  is  practically  impossible  to  measure  them.  For  my 
part  I  have  got  to  look  at  that  sort  of  structure  as  a  mechanical 
abortion,  and  hope  to  see  the  day  when  rolled-steel  or  cast-steel 
flanges  will  always  accompany  steel  piping  for  high -pressure 
steam,  unless,  indeed,  the  flanges  be  formed  direct  upon  the  pipe, 
as  I  understand  is  now^  practised  in  Europe  to  some  extent. 

Mr.  Henry  C.  Meyer^  Jr. — Several  gentlemen  have  referred  to 
the  excessive  cost  of  the  welded  steel  flange.  I  have  been  in- 
formed by  the  National  Tube  Works  Company  that  the  cost  of 
piping  with  this  type  of  flange  is  about  25  per  cent,  greater  than 
with  the  flange  screwed  on  the  end  of  the  pipe  in  sizes  up  to  8 
inches.  From  8  to  16  inches  the  cost,  I  am  told,  is  about  10  per 
cent,  greater,  while  in  sizes  above  that  the  cost  is  less. 

Mr.  McBride. — I  can  supplement  that  by  saying  that  the  cost 
of  two  lengths  of  S-incli  pipe  16  feet  6  inches  long  each,  with 
14-inch  diameter  flanges,  delivered  in  Williamsburgh,  from  the 
National  Tube  Works,  was  $83. 

Mr.  C.  P.  Hlggin-^. — In  regard  to  the  incongruity  of  using  cast- 
iron  fittings  on  steel  pipe,  I  think  the  uniform  elasticity  of  the 
structure  would  be  enhanced  hy  making  our  fittings  of  forged 
wrought  steel.  And  the  problem  is 'not  as  difficult  as  many  might 
imagine.  I  have  had  some  experience  with  wrought-steel  fittings, 
and  in  the  installation  of  hydraulic  work,  with  pressures  of  1,000 
to  5,000  pounds,  I  have  found  them  very  efiicient  indeed.  I  have 
equipped  steam  sj^stems  with  them  and  never  have  been  troubled 
with  the  failure  of  one  of  these  fittings,  that  is,  where  they  are 
properly  made  and  properly  applied.  The  process  of  making  tees^ 
elbows,  and  flanges  is  a  very  simple  one,  and  one  which  I  hope  to 
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see  come  into  general  use,  to  make  the  fittings  and  ])ipe  in  kec^p- 
ing,  so  tliat  we  form  a  structure  of  wrought-ii'on  ov  wi'ought-steel 
plate  uniform  throughout  and  able  to  withstand  the  strains  that 
come  from  contraction  and  expansion  and  the  movement  of  pipes, 
Avhich  we  get  in  marine  use;  and  in  addition  to  that,  we  make 
our  entire  structure  lighter,  easier  handled,  easier  retained  in  posi- 
tion, and  in  every  Avay  better  and  more  fully  in  keeping  with  the 
best  engineering  practice. 

3fr.  A.  F.  Nagle. — I  have  but  a  few  words  to  say,  and  that  is 
that  hundreds  of  devices  have  been  made  to  make  the  joints 
between  the  flange  and  pipe.  I  think  we  are  free  from  that 
trouble  since  the  National  Tube  Works  make  a  Avelded  flange,  I 
think,  of  above  5  or  6  inches  in  diameter.  I  do  not  think  I  shall 
ever  use  any  more  screw  flanges  above  that  size.  In  regard  to 
the  price,  the  National  Tube  people  tell  me  that  for  five  or  six 
inches  the  price  is  about  25  per  cent,  more  than  for  the  ordinary 
joint,  and  for  about  10  or  12  inches  the  price  is  about  the  same, 
and  when  it  comes  to  24  inches  and  up^vard  the  price  is  cheaper 
than  the  attached  flange.  With  these  facts  before  me  I  think 
engineers  are  through  Avith  trving  to  make  joints  between  flanges 
and  pipes.  The  other  matter,  I  think,  has  been  sufficiently  dis- 
cussed in  the  paper,  without  discussing  the  matters  as  to  tongues 
and  grooves  and  size  of  bolts. 

Prof.  Forrest  R.  Jones. — I  would  like  to  ask  if  any  such  trouble 
has  come  to  this  joint  of  Mr.  Bolton's  as  Mr.  McBride  has  described, 
of  corrosion  by  the  water  gathering  in  the  groove  formed  at  the 
end  of  the  pipes. 

Mr.  Bolton. — I  think  I  already  answered  that  by  saying  that  I 
had  not  had  experience  with  the  joints,  but  I  should  imagine  that 
that  and  all  other  joints  made  in  the  same  way  would  suffer  from 
that  dane^er,  althouo^h  it  mio-ht  be  a  longf  time  before  it  took  effect. 

Mr.  McBride. — In  my  experience  with  that  kind  of  joints  I 
found  that  all  the  joint  material  was  gone  between  the  ends  of 
the  wrought-iron  pipe  on  the  lower  side  of  the  pipe  where  the 
condensed  steam  lay. 

Mr.  A.  F.  JSfagle."^ — It  is  perhaps  only  fair  to  myself  to  sa}^ 
that  it  never  occurred  to  me  that  this  paper  should  cover  the 
entire  field,  of  pipe  flanges,  as  might  be  inferred  from  the  scope 
this  discussion  has  taken.      Pipe  flanges  and  their    bolts  must 

*  Author's  closure,  under  the  Rules. 
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necessarily  be  proportioned  to  tlici  i)r(^ssin'(;s  and  uses  tliey  are 
subjected  to,  and  no  universal  and  single  standard  can  ever  be 
constructed.  My  purpose  was  simply  to  take  the  existing  ])rac- 
tice  of  so-called  high-pressure  valve  manufacturers  and  analyze  the 
relation  of  pressures  to  bolt  power.  I  have  found  that  a  gasket 
1  inch  Avide,  whether  placed  in  a  tongue  and  groove  joint,  or  in  a 
male  and  female  joint,  or  in  an  absolutely  plain-faced  joint,  will  re- 
ceive about  1,000  pounds  per  square  inch  of  pressure  from  the 
bolts  now  provided  for  all  sizes  of  pipes ;  that  the  width  of 
gasket  should  not  vary  with  the  size  of  pipe,  as  is  commonly  sup- 
posed it  should,  for  that  would  result  onlv  in  pinching  the  gaskets 
more  or  less,  Avhile  a  uniform  width  of  1  inch  would  produce 
nearly  uniform  pressure  for  all  sizes.  In  order  to  effect  this  result 
the  better  I  suggested  a  few  changes  in  dimensions  of  both,  as  is 
pointed  out  in  the  paper.  I  did  not  even  intend  to  give  my 
approval  to  the  existing  dimensions  as  best  suitable  to  250-pound 
pressures.  On  the  contrary,  I  am  not  satisfied  with  them,  but  I 
intended  only  to  call  attention  to  the  fact  that  an  inch-wide  gasket, 
or  a  gasket  of  any  uniform  width  for  all  sizes  of  pipes,  would 
receive  uniform  pressure  per  square  inch  of  area  from  bolts  pro- 
portioned as  given  in  my  table. 


758         BTANDAliDS  FOR  DIRECT-CONNECTED   GENERATING   SETS. 


DCCCXVIIL* 

STANDARDS  FOR  DIRECT-CONNECTED    GENERATING 

SETS. 

BT  J.   B.    STANWOOD,    CINCINNATI,   O. 

(Member  of  the  Society.) 

An  important  factor  in  America's  industrial  progress  has  been 
the  extended  application  of  standards.  There  are  standard  dimen- 
sions for  materials ;  standard  sizes,  parts,  and  capacities  of  ma- 
chines ;  standard  gauges  for  close  measurements  ;  standard  systems 
of  inspection  and  testing,  etc. 

These  different  forms  or  methods  of  standardization  have  usu- 
ally originated  or  developed  in  commercial  and  manufacturing 
activities,  independent  of  any  governmental  instigation  or  control. 
They  are  universally  recognized  and  employed  wherever  industry 
and  commerce  exist  throughout  our  land. 

This  principle,  as  carried  out  in  our  individual  shops  and  factories, 
has  developed  the  well-known  "interchangeable  system"  of  con- 
struction, which,  by  forcing  attention  and  care  upon  little  things, 
has  further  specialized  operations,  and  has  stimulated  the  develop- 
ment of  special  machines  to  perform  these  operations,  to  the  end 
that  the  cost  of  production  has  been  greatly  reduced. 

Such  standardization  inside  and  outside  of  the  shops  also  aids 
rapidity  of  production,  inasmuch  as  standard  material  can  be  kept 
in  stock  to  form  standard  parts  or  to  complete  standard  machines, 
apparatus,  or  goods,  all  before  these  are  even  ordered. 

These  results — cheap  production  and  prompt  delivery — in  con- 
nection with  a  high  grade  of  product  (to  which  these  methods 
contribute)  are  most  powerful  factors  for  securing  and  maintaining 
foreign  trade.  Such  influences  are  particularly  active  in  America 
to-day. 

In  the  steam-engine  industry  these  methods  have  been  largely 
in  use ;  but  within  the  past  few  years  they  have  been  rendered 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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partially  inapplicable  by  a  radical  cliaiigcj  in  tlie  environment,  due 
to  the  introduction  of  electricity  and  the  employment  of  high 
steam  pressure. 

Whenever  new  types  are  undergoing  development,  before  tiiat 
weeding-out  process  known  as  "survival  of  the  fittest"  determines 
what  the  new  type  is  to  be,  then  standards  have  to  wait  until  the 
process  is  complete.  As  regards  the  steam  engine,  it  seems  as  if 
in  one  direction  this  determination  of  a  type  was  well  nigh  com- 
pleted, and  that  the  time  for  some  standardization  had  arrived ; 
and,  the  sooner  that  this  is  done,  a  source  of  great  expense  will  be 
avoided,  and  opportunity  for  further  development  and  progress 
extended. 

By  the  introduction  of  an  electrical  generator  attached  to  and 
directly  driven  by  the  main  shaft  of  a  steam  engine  a  new 
machine  has  been  evolved.  But  the  introduction  of  this  sys- 
tem has  brought  a  world  of  complication  and  expense  to  both  the 
engine  and  generator  manufacturers,  while,  to  some,  serious  finan- 
cial loss  has  been  the  result. 

The  principal  cause  of  these  difficulties  has  been  the  lack  of 
standard  sizes,  speeds,  and  important  dimensions  of  electrical 
generators,  so  that  the  adaptation  of  the  steam  engine  in  each  case 
has  been  made  a  special  problem,  frequently  requiring  special 
design  and  construction. 

To  complicate  the  matter,  the  determination  of  the  sizes  and 
speeds  of  such  generators  is  usually  in  the  hands  of  a  third  part}^, 
who  is  not  in  touch  with  either  tlie  engine  or  generator  builder. 
He  may  be  a  consulting  electrical  or  mechanical  engineer,  an 
architect,  a  salesman,  an  agent,  or  some  person  presumably  skilled 
in  deciding  upon  the  necessary  machinerv  to  satisfy  certain  con- 
ditions. 

If  fortunately  there  had  existed  a  list  of  capacities  and  speeds 
for  electrical  generators  that  was  recommended  by  proper 
authorities,  this  list  would  gradually  be  used  by  such  persons  in 
securing  and  specifying  the  machine  to  be  emploj^ed.  As  it  now 
is,  any  odd  size  and  speed  may  be  selected  by  them ;  as,  for 
instance,  to  my  knowledge,  a  45-kilowatt  generator  to  be  operated 
at  210  revolutions  was  once  specified,  almost  at  random. 

If  for  such  a  generating  "set"  bids  are  taken,  then  the  engine 
and  dynamo  contractors  who  are  unlucky  enough  to  secure  the 
order  must  design  a  special  outfit.  Perhaps  this  is  the  first 
time   that  A's  engine   has   ever   been    sold  to  drive  one  of  B's 
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generiitors,  and  a  new  s'v/.o  of  (3n<^iii(3  may  liavci  to  bo  built,  or  vice 
versa j'  at  any  rate  a  correspondence  ensues,  with  an  interchange 
of  (h'awings  for  a  new  pattern  of  sub-base  wliicli  has  to  be  made. 
It  may  happen  that  tlie  engine  sliaft  lias  to  be  enlarged  to  fit  the 
armature,  or  the  latter  has  to  be  changed  to  fit  the  shaft.  Later 
the  shaft  has  to  be  shipped  to  the  dynamo  shop  to  be  pressed  into 
the  armature,  or  the  armature  sent  500  or  1,000  miles  to  be  fitted 
to  the  shaft.  In  all  this  it  is  fortunate  if  mistakes  or  misfits  do 
not  occur. 

When  the  combined  plant  is  ready  for  erection  the  engine 
erector  has  to  cooperate  with  the  electrical  erector ;  usually  one 
waits  for  the  other  a  few  days,  under  expense,  doing  nothing. 
Then  begins  the  adjustment  of  the  engine's  speed  to  suit  the 
generator's  speed,  which  may  be  slightly  fast  or  slow,  as  the  case 
may  be ;  the  governor,  too,  may  be  out  in  a  similar  way. 

All  told,  these  operations  form  a  complicated  and  cumbersome 
system,  which  would  be  greatly  ameliorated  if  there  existed 
recognized  and  approved  standards  for  a  very  few  and  simple 
conditions. 

What  are  the  features  that  need  standardization?  First,  for 
the  use  of  the  outside  engineer  there  is  a  need  for  a  standard 
series  of  capacities  and  speeds ;  and,  second,  those  parts  of  the 
eng-ine  and  ofenerator  which  have  to  be  connected  or  fastened 
together  should  be  standardized  for  each  different  size  to  facilitate 
the  assembling  of  the  combined  machine  or  "  set." 

1.  {a)  Relative  to  a  standard  series  of  capacities  and  speeds,  the 
different  capacites  or  sizes  should  be  selected  to  satisfy  the  usual 
demands  of  the  market.  The  number  of  different  sizes  should 
not  be  too  large,  in  order  that  the  cost  of  production  may  not  be 
enhanced  by  too  great  a  variety  of  both  generators  and  engines. 

In  this  connection,  there  might  be  a  standard  method  of 
determining  the  capacity  of  a  generator,  wdiich  would  designate, 
with  a  given  load  or  percentage  of  overload,  a  given  time  limit 
w^ithin  which  a  permissible  increase  of  temperature  of  the  field- 
coils,  armature,  and  commutator  can  occur. 

(h)  Relative  to  speeds,  there  should  be  at  least  three  classes  of 
speeds  for  each  size  or  capacity  of  generator,  corresponding,  in  the 
main,  to  the  three  classes  of  engines  now  on  the  market.  These 
are  known  respectively  as  slow,  medium,  and  high  speed  engines. 
By  arranging  the  generator  speed  in  this  manner  most  of  the 
conditions  arising  in  practice  could  be  met.      There  would  be 
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slow  speed  for  factoiy,  manufacturing,  or  sli-cci-iailway  service, 
which  would  be  expensive,  but  (hirable  and  easily  tended.  A 
medium  speed  could  be  used  for  lighting-[)lants  or  conditions 
where  lower  first  cost  and  a  more  limited  space  exist,  but  which 
will  require  closer  attention  and  will  probably  be  less  durable. 
Lastly,  the  high-speed  "  set"  would  be  required  for  limited  space, 
low  first  cost,  but  it  will  require  close  attention  and  will  proba])ly 
be  subject  to  heavier  repairs. 

Perhaps  a  series  of  generators  could  be  arranged  so  that,  by  a 
modification  in  windings  only,  a  given  size  for  a  standard  slow 
speed  could  be  used  for  larger  standard  sizes,  at  standard  medium 
and  high  speeds. 

2.  As  to  the  standardization  of  the  dimensions  of  those  parts 
of  the  engine  and  d  vnamo  which  are  connected  toirether  there  are  : 
(a)  The  shaft  diameter  and  armature  bore,  which  should  both  be 
expressed  in  thousandths  of  an  inch ;  (b)  the  length  of  shaft  out- 
side of  the  engine,  and  the  location  thereon  of  the  outboard  bear- 
ing, should  be  given  in  feet  and  inches ;  (c)  the  distance  from  centre 
of  armature  to  sub-base,  in  inches;  and  {d)  the  length  and  width 
of  generator  base,  and  the  size  and  location  thereon  of  the  bolts 
which  attach  it  to  the  sub-base,  are  probably  all  that  are  required. 

Such  a  system  would  materially  reduce  the  complication  of 
construction  and  erection.  A  fewer  number  of  enofines  with 
their  sub-bases  and  generators  would  be  required.  These,  in  the 
marketable  sizes,  conld  be  carried  in  stock  ready  for  any  com- 
bination, thereby  permitting  manufacturers  to  avail  themselves  of 
multiple  production,  so  great  a  factor  in  reducing  costs,  improv- 
ing quality,  and  facilitating  delivery. 

An  American  system  of  standards  well  introduced  abroad  and 
at  home  might  give  to  us  a  large  share  of  the  electrical  and  engine 
business  of  the  world. 

In  this  connection,  it  seems  to  me  that  our  Society  and  the 
American  Institute  of  Electrical  Engineers  are  the  proper  authori- 
ties to  undertake  such  an  investigation  as  will,  by  their  recom- 
mendation, bring  about  such  a  result. 

To  initiate  a  movement  for  this  purpose,  I  move  that  the 
Council  be  requested  to  communicate  with  the  American  Institute 
of  Electrical  Eno-ineers  to  ascertain  if  that  institute  will  agree  to 
appoint  a  committee  to  cooperate  with  a  similar  committee  to  be 
appointed  by  the  American  Society  of  Mechanical  Engineers,  to 
consider  and  report  upon  a  standard  series  of  capacities,  speeds, 
49 
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and  necessary  dimensions  for  electrical  generators  for  direct  con- 
nection to  steam  engines. 

And,  furthermore,  if  a  favorable  response  be  received,  then  tlie 
President  be  requested,  witli  the  concurrence  of  the  Council,  to 
appoint  a  committee  of  five  to  cooperate  with  the  committee  to 
be  appointed  by  the  American  Institute  of  Electrical  Engineers  for 
the  purpose  herewith  set  forth. 


DISCUSSION. 

J/r.  E.  P.  Roherts. — It  is  unquestionable  that  it  is  desirable  to 
standardize  wherever  possible.  Standards  have  been  effected  in 
many  matters  which  were  thouglit  impossible,  or,  at  least,  imprac- 
ticable, and  whether  or  not  it  is  practicable  to  standardize  genera- 
tor sets,  and  at  least  to  the  extent  suggested  by  Mr.  Stanwood,  is, 
it  seems  to  me,  somewhat  questionable.  That  it  is  desirable  is,  I 
believe,  unquestionably  a  fact. 

Only  last  week  I  was  in  the  shops  of  a  prominent  engine 
builder,  discussing  a  bed-plate  Avhich  he  had  designed  for  a  set 
being  installed  under  our  specifications.  Owing  to  certain  fea- 
tures in  the  generator  it  Avas  necessary  to  make  a  special  design 
of  bed-plate,  and  one  which,  in  the  engine  builder's  estimation, 
as  well  as  our  own,  Avas  not  desirable.  At  the  same  time  in  his 
shops  were  bed- plates  for  other  makes  of  generators,  all  of  which 
differed  in  ofeneral  desio:n.  With  some  the  oenerator  frame  was 
movable  parallel  to  the  shaft;  in  others  at  right  angles,  and  in 
others  it  w^as  bolted  in  place. 

Therefore,  if  standardization  can  be  effected,  it  certainly  Avill 
be  better  for  the  engine  builder,  the  consulting  engineer,  and  the 
client ;  whether  it  would  be  better  for  the  generator  builder  is 
somewhat  of  a  question,  as  it  will  at  least  lessen  the  number  of 
"talking  points,"  whether  or  not  it  lessens  the  value  of  the 
machine. 

Also  it  would  be  desirable  if  the  various  builders  made  each  the 
same  size  unit,  and  at  the  same  speed  or  speeds.  At  present  the 
consulting  engineer  decides  that  a  d^mamo  approximately  a  cer- 
tain size  is  desirable.  He  finds  that  several  concerns  make  such 
a  size  and  at  a  speed  which  is,  in  his  estimation,  suitable  ;  but  that 
there  may  be  manufacturers  of  first-class  material,  and  whose  bid 
he  desires,  who  do  not  make  such  size  or  operate  at  such  speed, 
consequently  they  are  barred  out.     If  they  are  allowed  to  bid  on 


STANDARDS   FOR    DIRECT-CONNECTED    GENERATING   SETS.         708 

what  tbey  do  make,  then  the  size  of  the  engine  suitable  Un-  the 
other  is  not  correct,  and  tliere  is  more  or  less  difficulty  in  making 
matters  tie  up;  even  if  there  is  not  friction  due  either  to  barring 
out,  or  to  accepting  something  different  from  that  which  is 
specified. 

Kehitive  to  the  size  of  shaft,  it  is  not  seldom  that  tlie  engine 
builder  desires  one  of  larger  diameter  than  can  be  allowed  by 
the  generator  builder,  although  this  feature  is  not  now  as  often 
met  as  it  used  to  be.  We,  however,  have  had  this  trouble  in  our 
own  experience  quite  recently.  We  have  also  had  a  generator 
builder  send  a  ring  gauge  which  he  stated  to  be  the  size  of  the 
bore  of  their  armature  spiders,  \vith  instructions  to  make  the  shaft 
Yw^%~o  l^i'gei'.  The  probability,  however,  of  obtaining  such 
dimension  with  a  gauge  which  could  not  be  slipped  over  the  shaft, 
and  which  necessitated  inside  calipering  of  the  gauge  and  mak- 
ing a  new  gauge  trVo  o   kirger,  is  certainly  not  very  good. 

Whether  or  not  the  armature  should  be  placed  on  the  shaft 
at  the  dynamo  builder's,  the  engine  builder's,  or  when  erected, 
also  often  gives  rise  to  serious  friction,  but  specifications  should 
always  cover  such  points.  I  hardly  see  how  standardizing  will 
affect  same,  as  long  as  the  engines  and  generators  are  built  by 
different  contractors.  The  same  is  true  relative  to  one  contrac- 
tors expert  being  delayed,  at  time  of  test,  b\^  that  of  another. 
However,  delays  of  this  kind  should  be  provided  for  in  the 
specifications. 

Mr.  Albert  K.  Mansfield. — In  rising  to  second  Mr.  Stanwood's 
motion  with  which  he  concludes  his  paper,  I  would  like  to  say 
that  it  has  become  a  very  important  subject,  especially  from  the 
standpoint  of  the  builder  of  steam  engines.  At  the  present  time 
it  seems  as  if  a  new  generator  or  new  form  of  old  generator  came 
to  light  about  every  week,  more  or  less,  and  that  the  manufacturer 
of  the  generator  does  not  consider  as  carefully  as  he  might  in 
what  way  it  can  best  be  adapted  to  the  different  engines  in  the 
market.  It  becomes  a  great  burden  to  the  engine  builder  to 
adapt  his  machine  to  all  these  varieties  of  generators;  in  fact,  so 
much  so  that  when  we  can  use  the  same  patterns  on  second 
installations  that  we  have  used  once,  we  find  that  there  is  after 
all  some  little  pleasure  in  this  business.  It  is  rare  that  that 
can  be  done.  As  to  the  matter  of  speed,  I  do  not  think  that  the 
electrician  considers  carefully  enough,  generally,  that  the  engme 
which  drives  the  electric  motor  is  a  reciprocating  machine.     The 
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motor  is  rotary.  The  reciprocating  machine  has  limitations  ;  the 
motor  perhaps  none  as  to  tlie  matter  of  speed,  or  at  all  events  not 
in  the  same  direction.  T  hope  that  this  will  result  in  a  considera- 
tion of  that  branch  of  the  subject  which  will  have  a  tendency 
towards  slower  speed ;  at  least  I  mean  slower  speeds  than  the 
higher  speeds  which  are  now  used  in  direct-connected  plants. 
Another  feature  that  I  think  should  be  well  considered  is  in  the 
application  of  the  word  "self-contained."  It  seems  to  be  a  notion 
that  it  is  necessary  in  a  great  many  cases  to  unite  the  parts  of  an 
installation  of  this  sort  with  castings  which  appear  to  be  massive. 
The  fact  is  that  with  or  without  such  castings  the  union  must 
depend  upon  a  substantial  foundation.  I  believe  it  might  well  be 
considered  by  a  committee  of  the  sort  proposed  whether  it  might 
not  be  recommended  that  a  substantial  foundation  is  union 
enough.  If  so,  it  will  result  in  economy  to  the  buyer  and  simpli- 
fication to  the  manufacturer.  The  subject  is  an  important  one. 
It  is  growing  very  complex,  and  for  that  reason  I  take  pleasure 
in  seconding  Mr.  Stanwood's  motion. 

Prof.  IF.  S.  Alclrich. — This  paper  refers  to  radical  changes  in 
steam-engine  practice  brought  on  by  environment.  I  should  like 
to  ask  what  guarantee  we  have  that  this  change  shall  not  keep 
going  on  and  on.  All  feel  that  we  know  what  ought  to  be  done, 
but  have  very  little  idea  as  to  how  to  bring  it  about.  These 
changes  in  environment  are  going  on  continually ;  and  while  we 
can  standardize  details  of  engines  and  dynamos,  it  is  certainly  a 
difficult  matter  to  attempt  to  standardize  an  aggregate  unit,  much 
more  so  to  standardize  a  unit  so  complicated  as  the  dual  combina- 
tion of  an  engine-dj^namo  unit.  In  pumping  engines  the  steam 
and  water  mechanisms  constitute  one  unit ;  and  a  similar  combi- 
nation has  been  variously  attempted  also  by  manufacturers  of 
combined  engines  and  dynamos  as  an  aggregate  unit.  It  may  be 
that  the  time  is  coming  when  engine  builders  will  be  dynamo 
manufacturers,  and  when  dynamo  builders  will  be  engine  manu- 
facturers, but  certainly  that  time  is  not  here  yet. 

Mr.  Stanwood  speaks  of  a  type  of  steam  engine  which  has  be- 
come well-nigh  completed  in  one  direction.  I  should  like  to  in- 
quire what  particular  type  he  refers  to. 

With  particular  reference  to  the  high-speed,  direct-connected 
unit  for  the  type  of  plant  brought  before  this  meeting  in  other 
papers — office  buildings,  department  stores,  and  so  on — the  cause 
of  these  difficulties  has  been  attributed  practically  to  electrical 
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engineei's.  The  electrical  industries  came  to  the  front  and  found 
certain  established  sizes  of  steam-en <^ine  units  which  thev  did  not 
seek  apparently  to  conform  to.  AVliat  early  established  the  sizes 
for  electrical  generators  but  the  requirements  for  lighting  service? 
Power  service  early  in  its  career  squarely  set  the  sizes  for  its  gen- 
erators. But  the  number  of  lamps  furnished  the  basis  on  which 
generatoi-s  were  sold  for  lighting,  and  this  later  settled  into  certain 
well-known  kilowatt  capacities  for  dynamos.  In  other  words,  the 
number  of  hghts  required  of  the  generator  has  set  the  pace  for 
the  electrical  industry,  to  which  now  it  appears  the  engine  builder 
must  conform. 

It  is  further  brought  out  in  this  paper  that  there  already  existed, 
whether  fortunately  or  otherwise,  a  list  of  sizes  and  capacities 
of  steam  eno-ines  to  which  that  of  the  dvnamo  builder  was  not 
brought  to  conform.  It  appears  that  the  engine  builder  must 
now  change  all  his  designs,  patterns,  and  standard  sizes,  and  re- 
adapt  them  to  the  new  conditions  that  he  is  brought  face  to  face 
with  in  the  electrical  industry.  All  will  recognize  this  difficulty. 
In  the  case  of  steam  pumps,  however,  the  builder,  as  we  have 
noted,  solved  the  whole  problem  himself.  In  the  case  of  the 
engine-dynamo  unit  it  is  scarcely  to  be  hoped  that  any  one  builder 
will  solve  the  problem,  but  if  he  did  that  would  bring  this  combi- 
nation also  rapidly  to  the  front  as  a  successful  standardized  aggre- 
gate unit. 

Attention  should  be  called  to  the  points  about  overloading  and 
the  limits  of  expansion  in  these  combined  units.  It  is  important 
to  know  at  what  rated  capacity  you  are  going  to  install  the  engine 
for  a  ofiven  dvnamo  unit.  The  dvnamo,  it  is  understood,  will  take 
a  certain  overload,  33J  to  50  per  cent,  for  live  or  ten  hours  with  a 
given  rise  of  temperature.  The  engine  is  expected  to  meet  that 
overload,  of  course,  by  increasing  its  expansion,  as  the  author 
seems  to  have  in  mind  the  American  automatic  cut-off  type  and 
not  that  of  the  British  throttle-regulated  direct-connected  unit. 

A  curious  feature  in  dynamo  designing  is  to  be  seen  in  the  arma- 
ture shafts,  which  have  been  up  to  the  present  time  very  small  for 
the  power  transmitted  through  them.  It  is  but  necessary  to  call 
attention  to  the  laro-e  size  of  the  engine  shaft  of  direct-connected 
units  and  the  small  size  of  the  armature  shaft  to  see  the  difficulty 
of  standardizing  a  coupling.  The  sizes  of  shafts  should  be  stand- 
ard for  both  engines  and  d\'namos. 

Another  point  in  Mr.  Stanwood's  paper  is  that  of  arranging  a 
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series  of  win(lin<:^s  on  dynamos  to  be  suited  to  the  different  capac- 
ities, "so  that,  by  a  modification  in  windings  only,  a  given  size 
for  a  standard  slow  speed  could  be  used  for  larger  standard  sizes 
at  staiulard  medium  and  high  speeds."  I  am  afraid  that  our  elec- 
trical designers  will  very  seriously  object  to  that.  The  work  of 
throwing  on  and  off  coils  on  the  field  magnet  of  the  dynamo  to 
adapt  it  to  changes  of  speed  is  not  an  everyday,  an  every  hour,  or 
an  every  minute  question.  It  concerns  the  most  vital  question  in 
recard  to  the  design  of  the  ma<i:netic  circuit  as  well  as  the  effective 
working  of  the  machine.  It  is  not  possil)le  in  the  keen  competi- 
tion of  the  electrical  business  to  change  the  field  coil  windings  of 
the  dynamo  to  suit  the  size  of  the  engine.  There  might  be  possi- 
bly a  partial  solution  of  the  mechanical  difficulties  involved  in  this 
question  by  having  standard  sub-bases  or  floor  plates  with  T  slots, 
so  placing  the  smaller  engines  and  dynamos  on  one  bed-plate,  as 
in  the  larger  machine  shop  erecting  floors. 

Mr.  IF.  J).  Forbes. — The  woes  suggested  by  this  paper  and  by 
the  discussion  are  everyday,  disagreeable,  and,  I  am  sorry  to  say, 
expensive  facts  to  me.  Therefore  I  take  a  great  deal  of  interest 
in  the  paper.  It  seems  to  me,  however,  that  the  troubles  suggested 
by  Professor  Aldrich  and  by  others  here  are  easily  overcome. 
The  question  of  the  higher  speeds  I  do  not  think  need  trouble  us. 
I  believe  we  can  to-day  produce  engines  commercially — not  mere 
freaks,  but  commercial  engines — that  run  at  very  much  higher 
speeds  than  anything  now  to  be  found.  I  feel  quite  sure  that  if 
anything  is  to  be  done  in  this  matter  it  should  be  done  quickly, 
it  should  be  done  at  once ;  because  I  happen  to  know  that  there 
is  a  strong  effort  in  two  foreign  countries  to  do  something  in  this 
line  in  order  to  obtain  a  better  hold  on  the  trade  there,  and  it 
behooves  us  as  engineers  not  to  be  behindhand  in  the  matter. 
But  the  question  of  the  sub-base  which  several  of  the  gentlemen 
have  spoken  about  is  a  very  small  matter.  I  think  I  can  show 
plenty  of  designs,  and  there  are  others  who  can  show  designs,  in 
which,  with  very  small  expense,  changes  in  the  sub-bases  can  be 
effected  and  the  combination  of  the  dynamo  and  the  engine  readily 
made  in  good  shape  ;  there  is  little  or  no  trouble  about  that.  But 
a  trouble  I  do  constantly  find  is  that  the  dynamo  makers  do  not 
seem  to  know,  or  at  least  are  not  willing  to  tell,  the  absolute  truth 
about  the  power  it  takes  to  drive  their  dynamos.  It  is  all  right 
for  these  gentlemen ;  an  ow^ner  goes  ahead  and  overloads  a 
dynamo,  and  it   burns  out,  and  the  trick  is  done  and  there  is  no 
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trouble  about  who  is  to  bljiine.  But  the  encr'me  is  ovei-loaded. 
Instead  of  running,  it  bumps  around  in  all  sorts  of  shapes,  won't 
govern,  sim])ly  because  it  is  a  boy  trying  to  do  a  man's  work. 
Here  the  dynamo  man  is  all  riMit,  but  the  eno^ine  side  is  all  wrone:, 
and  it  is  an  important  thing  to  find  out,  at  once,  how  much  power 
it  takes  to  do  the  work  which  they  say  the  dynamo  will  do.  I 
find  in  making  some  tests  that  there  is  no  comparison  at  all  ap- 
parently in  various  makes  of  generators.  I  buy  a  4-kilowatt 
machine  from  one  man  and  a  ^kilowatt  machine  from  another, 
and  the  amount  of  power  taken  to  drive  the  two  machines  is 
totallv  different.  Professor  Denton  is  makintr  some  tests  in  this 
direction  with  me  now.  There  does  not  seem  to  be  any  data  on 
which  the}^  all  agree  as  to  how  much  power  is  needed  to  turn  an 
armature  around.  I  hope  this  matter  will  be  taken  up,  for  the 
reason,  as  I  say,  that  there  are  two  foreign  nations  which  are  at- 
tempting to  do  something  in  this  line  in  order  to  get  the  trade 
which  they  now  do  not  possess. 

A  Me?7ihe?'. — Something  has  been  said  upon  the  engine  side  of 
the  question,  and  I  would  like  to  add  a  few  remarks  on  the  other 
side,  that  of  the  dvnamo  builder.  I  think  the  dvnamo  builder 
appreciates  as  keenly  as  the  engine  builder  the  desirability  of 
standardizing  these  two  pieces  of  machinery,  and  while  it  is  a 
problem  which  is  extremelv  difficult,  I  think  ver}^  much  can  be 
done,  especially  so  far  as  standardizing  the  sizes  and  to  a  certain 
extent  the  speeds,  from  the  dynamo  builder's  standpoint.  In 
general,  the  higher  the  speed  the  better  the  operation  of  the 
machiner}^.  The  speeds  have  a  given  output ;  cannot  be  uniform ; 
but  there  must  be  a  slight  variation  on  account  of  the  various 
frequencies  that  it  is  necessarv  to  use  in  electrical  work.  "We  use 
frequencies  of  25  cycles,  and  30,  40,  and  60  cycles,  and  as  the 
poles  must  be  an  even  number,  and  for  mechanical  reasons  it  is 
necessary  to  have  the  number  of  poles  divisible  by  four,  it  will 
be  seen  that  with  these  various  frequencies  the  same  speeds  can- 
not always  be  used.  But  if  the  engines  can  be  designed  so  that 
they  would  vary  in  speed  perhaps  5  per  cent,  above  the  normal 
rating  and  5  per  cent,  below,  all  the  conditions  might  be  met 
for  the  various  frequencies.  With  direct-current  machines  it 
is  less  difficult ;  because  almost  any  engine  can  be  used,  and  the 
machine  can  be  built  for  it.  It  seems  to  me  that  if  the  speeds  and 
the  types  of  the  generators  and  engines  could  be  standardized, 
the  other  matters  would  be  comparatively  simple.    In  regard  to 
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the  sizes  of  shaft,  I  do  not  suppose  that  we  can  always  retain  those 
the  same,  because  it  is  necessary  to  have  different  flywheel 
effects,  and  it  is  possible  that  the  length  of  the  machine  and  the 
place  occupied  by  the  flywheels  could  not  always  be  retained  the 
same  for  different  machines.  But  no  doubt  a  great  deal  can  be 
done  in  this  direction.  Perhaps  it  might  be  accomphshed  by 
makino-  the  standard  shaft  a  little  heavier  and  a  little  longer  than 
would  be  necessary  for  some  of  the  cases  ;  because  we  can  afford 
to  put  a  little  more  material  into  our  apparatus  provided  we  do 
not  have  to  make  a  special  design  each  time.  I  think  the  size  of 
shafts  might  be  made  in  even  inches,  and  the  size  could  certainly 
be  determined  once  for  all  and  a  size  adopted. 

In  regard  to  the  capacity  of  dynamos,  there  ought  not  to  be  any 
difficulty,  because  it  is  certainly  w^ell  known  what  the  required 
power  is  to  drive  a  dynamo  with  a  given  output,  because  the 
efficiencies  of  dynamos  have  been  very  accurately  determined,  so 
that  we  know  the  power  required  for  driving  within  one  or  two 
per  cent.  Of  course  the  question  of  ability  to  overload  a  dynamo 
is  indeterminable,  the  same  as  with  a  steam  engine,  because  it  will 
be  overloaded  the  same  as  a  steam  engine  by  varying  the  cut-off 
on  the  steam  engine. 

I  think  it  is  one  of  the  most  important  questions  of  standards 
that  have  come  up  lately,  because  a  very  large  per  cent,  of 
steam  engines  at  present  being  built  are  used  for  dynamo  driving ; 
and  the  fact  that  dynamo  builders  have  to  build  from  many 
different  specifications  from  various  engine  builders  makes  it  fully 
as  important  from  the  electrical  standpoint  as  from  the  mechanical 
standpoint.  I  hope  that  immediate  steps  may  be  taken  to  stand- 
ardize this  work  as  far  as  possible. 

The  President. — Is  there  any  further  discussion  ?  If  not,  the 
motion  of  Mr.  Stanwood  is  in  order. 

Mr.  Stanwood's  motion  was  read  by  the  secretary  and  passed 
unanimously. 

The  Council  subsequently  gave  favorable  consideration  to  the 
subject,  and  under  their  action  a  committee,  consisting  of  Messrs. 
Stanwood,  Ball,  Forbes,  McFarland,  and  Rohrer,  was  appointed 
by  the  President. 
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DCCCXIX.* 

BOILER   AND    FURNACE  EFFICIENCY, 

BY   K.    S.    HALE 

(Associate  Member), 

AND   W.    B.    RUSSELL,   BOSTON,  MASS. 

The  studies  of  boiler  efficiency  hitherto  published  have  been 
mainly  based  either  on  theories  that  could  not  be  satisfactorily 
checked  by  experiment,  or  else  on  experimental  determinations 
of  the  efficiency  without  observing  the  facts  necessary  as  a  basis 
for  a  satisfactory  theory.  The  reason  for  this  is  that  in  most 
experiments  only  the  efficiency  of  the  boiler  as  a  whole  has  been 
observed,  while  this  depends  on  various  factors,  such  as  the  effi- 
ciency of  the  furnace,  of  the  heating  surface,  of  the  grate,  etc.,  etc.; 
and  comparison  of  boiler  efficiencies  as  a  whole,  without  observ- 
ing the  furnace  and  other  efficiencies  separately,  is  only  one 
degree  better  than  would  be  a  comparison  of  boilers  based  on 
coal  used  per  horse- power  hour  indicated  in  an  engine  without 
determining  the  efficiency  of  the  engine. 

The  following  definitions  bring  out  clearly  the  differences 
between  the  various  efficiencies  of  a  boiler. 

Definitions, 

The  efficiency  of  a  boiler,  as  a  whole,  is  the  ratio  between  the 
useful  heat  in  the  steam  and  the  total  heat  originally  in  the  fuel 
It  may  be  considered  as  being  the  product  of  three  other  efficien- 
cies, the  first  of  which  is  the  furnace  efficiency,  or  efficiency  of 
combustion.  It  is  the  ratio  between  the  sensible  heat  generated 
by  combustion  and  the  total  heat  supplied,  the  loss  being  the  loss 
due  to  incomplete  combustion. 

The  second  is  the  efficiency  of  transmission,  or  of  heating  sur- 
face.    It  is  the  ratio  between  the  heat  transmitted  to  the  steam 

*  Presented  at  the  Washincrton  meeting  (Mav.  1899)  of  the  American  Society  of 
>reclianioal  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transdctions. 
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and  the  sensible  lieat  generated  in  the  furnace,  the  loss  being  the 
loss  due  to  the  heat  in  the  waste  gases. 

The  third  is  the  efficiency  of  utilization,  or  ratio  between  the 
heat  utilized  and  the  heat  transmitted  througli  the  heating  sur- 
face, the  loss  being  the  loss  due  to  radiation. 

These  definitions  are  due  to  Hudson.  (See  London  Engineer^ 
1890,  p.  523.) 

So  far  as  we  know,  no  theory  governing  the  loss  by  incomplete 
combustion  has  ever  been  stated  in  exact  form,  but  in  1897  one 
of  the  writers,  in  studying  the  efficiency  of  boiler  heating  surface, 
showed  that  the  law  governing  the  efficiency  of  heating  suface  as 
stated  by  Rankin  e  could  be  most  simply  expressed  by  the 
formula  : 

Efficiency  of  heating  surface  =  \  —  tcf  —      ¥s 


1-tcf 
k 


in  which  t  =  temperature  of  steam  above  that  of  entering  air  ; 
c  =  specific  heat  of  gas  ; 
y  =  pounds  gas  per  pound  fuel ; 
]c  =  heat  units  generated  per  pound  fuel ; 
a  =  Si  constant ; 

IV  =  total  heat  units  transmitted  to  steam  ; 
s  =  water-heating  surface. 
(See  TransaGtions  A.  S.  M.  E.,  1897,  pp.  331  and  340.) 
This  formula  shows  that  if  the  efficiency  of  combustion,  the 
quantity  of  gas  per  pound  fuel,  and  the  term  a,  are  constant,  and 
the  radiation  negligible,  the  results  of  boiler  tests  when  plotted, 
with  efficiencies  as  ordinates  and  rates  of  evaporation  as  abscis- 
sae, should  fall  on  a  straight  line ;  and  in  the  study  of  the  effi- 
ciency of  boiler  heating  surface  above  referred  to  it  was  shown 
that  the  straight-line  formula  indicated  as  well  as  any  other  the 
actual  results  of  experiment.  (See  Transactions,  vol.  xviii., 
p.  339.)  It  was  also  shown  that  individual  tests  varied  from  the 
formula ;  but  since  individual  variations  might  be  due  either  to 
variations  in  the  efficiency  of  combustion  or  to  variations  in  the 
air  supply,  and  did  not  necessarily  imply  error  in  the  formula,  it 
was  thought  that  further  investigation  might  prove  of  value  if 
based  on  tests  in  which  the  efficiency  of  combustion  and  the  air 
supply  had  been  measured. 
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Tests. 

For  this  purpose  most  of  the  tests  given  in  the  former  paper 
were  unavailable,  for  the  reason  that  neither  the  efficiency  of 
combustion  nor  the  air  supply  was  measured  except  in  Professor 
Kennedy's  tests  of  the  Thorneycroft  boiler.  The  tests  given  in 
Table  I.  have  therefore  been  collected.  In  this  table  the  first 
column  is  the  reference  number  of  the  test.  Tlie  second  column 
gives  the  type  of  boiler,  all  of  which  types  are  familiar,  except 
the  German  combined  boiler,  or  double  boiler,  of  which  no  cut 
is  given.  The  third  column  gives  the  type  of  furnace.  The 
next  seven  columns  give  the  heat  balance  as  given  in  the 
original  tests,  except  in  a  few  tests  where  it  has  been  recal- 
culated. The  heat  balances  are  not  all  figured  in  the  same  way, 
and  although  the  difference  is  slight  it  should  be  noted.  In  the 
American  tests  the  total  heat  in  the  fuel  to  which  the  other  quan- 
tities are  referred  is  the  total  heat  theoretically  avaihible  for 
heating  water,  including  all  of  the  latent  heat  of  the  H-iO  in  the 
gases,  since  this  latent  heat  theoretically  could  be  utilized  if  the 
object  were  to  heat  water  and  not  make  steam.  In  the  German 
tests,  on  the  other  hand,  the  total  heat  in  the  coal  is  taken  as  the 
total  heat  theoretically  available  for  making  steam.  If  the  coal 
is  burned  under  a  steam  boiler,  the  hydrogen  in  the  coal  burns  to 
gaseous  HgO,  and  develops  approximately  52,200  British  thermal 
units  per  pound.  If  the  HoO  thus  formed  should  condense  it 
would  give  up  another  10,000  British  thermal  units;  but  this 
additional  heat  is  not  available  for  making  steam,  and  is  there- 
fore in  the  German  tests  omitted  from  the  heat  of  the  coal,  since 
the  comparison  is  of  steam  boilers  and  not  water  heaters.  Simi- 
larly, the  moisture  in  the  coal  must  be  evaporated  before  any  steam 
can  be  made,  and  the  heat  necessary  for  this  is,  in  the  German 
tests,  also  subtracted  from  the  heat  of  the  coal.  In  the  English 
tests  the  total  heat  of  the  coal  is  taken  as  the  total  heat  in  the 
dry  coal  theoretically  available  for  making  steam,  and  therefore 
omits  the  latent  heat  of  the  HoO  from  the  hydrogen,  but  makes 
no  allowance  for  the  latent  heat  of  the  moisture. 

A  second  difference  in  presentation  depends  on  the  unburned 
coal  in  the  ashes.  The  German  tests  use  the  total  heat  in  the 
coal  as  fired,  i.e.,  they  figure  on  coal.  The  American  and  Eng- 
lish tests  use  the  total  coal  burned,  subtracting  the  coal  found  in' 
the  ashes,  Le.,  they  figure  on  combustible. 
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Ilavinf^  thus  explained  a  slight  difForence  in  method  of  presen- 
tation of  the  heat  balances  as  a  whole,  we  will  continue  with  the 
separate  items. 

Column  4,  the  first  column  of  the  heat  balance,  gives  the  heat 
in  the  steam. 

Column  5  gives  the  heat  in  the  hot  gases.  In  cases  where  this 
has  been  recalculated,  the  weight  of  dry  gas  and  specific  heat  of 
.25  have  been  used.  The  weight  of  total  gas,  including  the  H2O, 
exceeds  the  weight  of  dry  gas  by  some  ^  pound  in  about  20 
pounds,  or  If  per  cent.,  and  the  H2O  has  a  specific  heat  of 
double  that  of  the  dry  gas,  making  an  error  of  about  3i  per  cent. 
In  addition,  the  heat  capacity  of  the  moisture  in  the  air  is  not 
measured  or  allowed  for  in  any  of  the  tests.  Against  these  two 
errors  is  set  the  fact  that  the  true  specific  heat  of  the  dry  gas  is 
more  nearly  .24  than  .25,  an  error  of  4  per  cent.,  so  that  these 
errors  practically  balance  for  ordinary  air  supplies.  For  very 
large  amounts  of  gas  the  heat  capacity  thus  computed  would  be 
slightly  greater  than  the  truth,  and  for  small  amounts  slightly  less, 
but  considering  the  gain  in  simplicity  of  this  method  of  computa- 
tion over  the  exact  methods,  and  the  fact  that  the  true  specific 
heats  are  not  very  exactly  known,  it  is  thought  to  be  justified. 

Column  6  gives  the  heat  loss  by  the  formation  of  CO  in  the 
tests  in  which  it  was  tested  for  and  found  appreciable.  In  many 
of  the  tests  the  loss  from  CO  has  been  reported  as  zero  on  inade- 
quate tests,  so  that  it  has  been  thought  best  not  to  make  any 
difference  in  statement  between  the  tests  in  which  it  was  not 
measured,  and  the  tests  in  which  it  is  reported  zero. 

Column  7  gives  the  loss  in  the  ashpit.  In  the  American  tests 
this  item  does  not  appear,  since  the  heat  of  the  coal  lost  in  the 
ashpit  is  not  included  in  the  heat  to  which  the  heat  balance  is 
referred.  In  the  English  tests  the  same  rule  holds,  the  percent- 
age given  in  some  of  the  English  tests  referring  to  the  sensible 
heat  in  the  coal  and  ashes  withdrawn  from  the  grate  at  the  end  of 
the  test. 

Column  8  gives  the  loss  due  to  latent  heat  of  the  H2O  in  the 
gases.  In  the  German  tests  this  does  not  appear,  since  this  heat 
was  not  originally  considered  as  part  of  the  total  heat  of  the  coal. 
In  the  English  tests  it  includes  only  the  latent  heat  of  the  moistui'O 
in  the  coal.  In  the  American  tests  it  includes  all  the  latent  heat 
of  the  H2O  in  the  gases. 

Column  9  gives   the  radiation.     In  tests  7-8   and  79  this  was 
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computed  from  the  temperature  and  known  rate  of  flow  of  heat 
through  the  boiler  covering ;  in  test  11  this  was  measured  by  the 
fall  of  pressure  method;  in  the  other  tests  (12  to  19  inclusive 
and  21),  by  noting  tlie  quantity  of  coal  necessary  to  keep  up  the 
steam  pressure  without  making  steam. 

Column  10  gives  the  unaccounted  for  loss.  It  includes  the  loss 
by  hydrocarbons  in  the  gases,  and  also  all  the  other  losses  when 
not  separately  measured. 

Column  11  gives  the  efficiency  of  combustion,  i.e.,  the  ratio 
between  the  heat  generated  as  sensible  heat  and  the  total  heat 
theoretically  available,  and  is  the  sum  of  columns  4  and  5. 
Strictly  speaking,  the  true  efficiency  of  combustion  is  higher 
than  these  figures  by  the  amount  of  the  radiation,  but  since  the 
radiation  is  so  seldom  measured  the  method  used  will  be  found 
more  convenient.  It  should  also  be  remembered  that  this  figure 
varies  according  to  whether  the  German,  Euglish,  or  American 
method  of  measuring  the  heat  in  the  coal  is  used,  but  the  varia- 
tion is  unimportant  for  the  present  purposes. 

Column  12  gives  the  efficiency  of  transmission.  It  is  the  ratio 
of  column  4  to  column  11,  except  in  a  few  cases  where  the  heat 
balance  is  given  as  originally  reported,  but  column  12  recalcu- 
lated. The  neglect  of  the  radiation  introduces  a  slight  negligible 
error  into  this  figure  also. 

Column  13  gives  the  rate  of  transmission  of  heat  through  the 
heating  surface  in  British  thermal  units  per  square  foot  per  hour. 

Column  14  gives  the  quantity  of  gas  per  1,000  British  thermal 

units  of  sensible  heat,  proportional  to  quantity  4r  in  the  formula. 

(When  two  figures  are  given  the  second  refers  to  the  quantity 
of  gas  measured  at  the  bridge  wall.) 

Column  15  gives  the  rate  of  combustion  in  pounds  of  coal  per 
square  foot  of  grate  per  hour. 

Column  16  gives  the  efficiency  of  transmission  as  calculated 
from  the  formula,  using  for  a  a  value  of  150.  (When  two  figures 
are  given  the  second  is  based  on  the  quantity  of  gas  at  the  bridge 
wall.) 

Column  17  gives  the  difference  between  the  calculated  and 
observed  efficiencies  of  transmission,  being  4-  when  the  observed 
value  is  greater  than  the  calculated,  and  —  when  it  is  less. 

Column  18  gives  the  kind  of  coal  used. 

Column  19  gives   the  number  in  the  original  reference  when 
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necessary,  and  column  20  gives  the  original  reference  where  the 
complete  data  may  be  fonntl. 

In  selecting  tests,  practically  all  tests  found  giving  the  required 
data  have  been  selected,  except  that  no  test  in  which  over  100 
per  cent,  of  the  total  heat  of  the  coal  has  been  accounted  for  has 
been  admitted.  An  over-accounting  for  the  heat  may  be  due  to 
priming,  and  may  be  due  to  accidental  error.  In  the  latter  case  it 
would  not  be  correct  to  reject  the  results  in  making  up  an  average 
unless  the  similar  errors  in  the  opposite  direction  were  also 
rejected,  but  since  priming  errors  are  all  in  the  same  direction, 
and  have  not  been  allowed  for  in  many  of  the  tests,  and  since 
they  are  in  a  direction  opposite  to  any  error  that  would  arise 
from  the  rejection  of  these  tests,  it  is  thought  that  their  rejection 
is  justified. 

No  test  has  been  used  unless  amount  of  gas  has  been  deter- 
mined by  analysis,  as  anemometer  and  econometer  tests  were  not 
considered  sufficiently  reliable. 

Method  of  Analyzing  Tahle  L 

The  tests  presented  in  Table  I.  give  a  large  amount  of  data,  but 
it  is  obvious  that  the  variations  of  single  tests  are  so  great  that 
only  a  method  of  averages  can  be  used  to  draw  out  useful  infor- 
mation. This  method  is  correct  only  if  carefully  used,  but  is  the 
only  method  available.  While  some  of  the  results  given  below 
may  be  considered  .as  adequately  proved,  notably  the  fact  that 
radiation  is,  in  well-covered  boilers,  a  much  smaller  loss  than  has 
often  been  reported,  yet  many  of  the  results  must  be  considered 
only  as  indications  to  be  confirmed  or  reversed  by  future  experi- 
ments. 

The  first  question  to  be  investigated  will  be  the  unaccounted  for 
loss  (column  10).  This  is  generally  ascribed  to  radiation,  in  which 
case  the  actual  loss  in  heat  units  should  remain  constant  what- 
ever the  rate  of  working,  and  in  consequence  the  loss  expressed  as 
a  percentage  should  decrease  when  the  boiler  is  forced.  Table  II. 
divides  the  tests  into  five  classes,  according  to  the  rate  at  which 
the  boilers  are  worked,  and  the  average  per  cent,  unaccounted 
for  (including  radiation  when  separately  measured)  shows  no  tend- 
ency to  decrease  as  the  rate  of  working  increases.  Before 
accepting  this  result  one  or  two  possible  sources  of  error  will  be 
investigated.     It  is  theoretically  possible  that  an  increased  loss 
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by  incomplete  combustion  of  liydmcaibons  at  high  rates  of  com- 
bustion might  have  balanced  the  decreased  percentage  loss  by 
radiation ;  but  Table  III.,  in  which  tests  are  divided  into  classes 
according  to  the  rate  of  combustion,  shows  that  if  anything  the 
higher  the  rate  of  combustion  the  less  the  unaccounted  for  loss 
up  to  the  limit  of  35  pounds  per  square  foot  of  grate  per  hour. 
The  high  loss  above  this  limit  is  probably  due  to  particles  of 
coal  carried  up  the  chimney  by  the  strong  draft  necessary  to 
burn  coal  at  these  high  rates.  (W.  F.  M.  Goss's  tests  showed 
how  this  loss  increases  at  high  rates  of  combustion.  See  Engi- 
neering Nevjs,  September  24:,  1896.) 

Table  IV.  is  similar  to  Table  11. ,  but  is  limited  to  one  class  of 
boilers.  It  shows  that  the  uniformity  of  the  unaccounted  for  loss 
in  Table  II.  was  not  due  to  averaging  different  types  of  boilers  in 
one  table. 

These  results  show  either  that  radiation  is  the  same  percentage, 
and  consequently  three  or  four  times  as  much  in  heat  units  when 
the  boiler  is  forced  as  when  it  is  easily  worked — a  state  of  things 
inconsistent  with  any  ordinary  form  of  radiation — or  else  that 
radiation  forms  but  a  very  small  portion  of  the  unaccounted  for 
loss.  That  the  latter  is  true  may  be  shown  in  another  way,  since 
radiation  may  be  determined  independently  of  the  unaccounted  for 
loss  by  experimental  methods  of  more  or  less  accuracy.  If  the 
radiation  is  computed  from  the  experiments  on  transmission  of 
heat  through  boiler  coverings,  it  is  found  to  be  only  about  1  per 
cent,  of  the  heat  used  at  ordinary  rates  of  working.  (Tests  78 
and  79  gave  about  1  per  cent,  when  calculated  from  the  figures 
given  in  Norton's  tests  of  similar  boiler  coverings.  Transactions 
A.  S.  M.  E.,  vol.  xix.,  p.  729.  See  also  A.  S.  M.  E.,  vol.  xviii., 
p.  917.)  Another  way  of  determining  the  radiation  is  to  get  up 
steam  on  a  boiler,  then  draw  the  fires,  closing  all  dampers,  and 
note  the  time  necessary  for  a  certain  amount  of  heat  to  radiate, 
as  shown  by  the  fall  of  steam  pressure.  The  result  determined 
by  this  method  would  naturally  be  higher  than  the  truth  on 
account  of  the  difficulty  of  absolutely  closing  the  dampers,  and 
yet  test  11  gave  only  4.7  per  cent,  out  of  a  total  of  15.2  per  cent, 
not  otherwise  accounted  for,  and  tests  78  and  79  gave  about  1^  per 
cent,  out  of  15.1  and  9.9  per  cent,  not  otherwise  accounted.  Still 
another  method  would  be  to  measure  the  amount  of  coal  neces- 
sary to  keep  up  pressure  witliout  making  steam.  This  would 
also  be  very  much  greater  than  the  radiation  alone,  on  account  of 
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the  loss  in  tlio  flue  and  by  air  leakage,  and  yet  in  Donkin's  tests 
(12  to  19  inclusive  and  21)  this  method  by  no  means  accounted 
for  all  the  heat. 

In  Engineering  News^  February  23,  1899,  p.  118,  are  given 
some  experiments  on  a  locomotive  boiler  wliich  indicated  a  radi- 
ation loss  that  would  correspond  to-  only  about  2 J  per  cent,  on 
the  basis  of  Tables  II.,  III.,  and  lY.,  although  the  boiler  was 
only  partially  covered. 

Reviewing  this  information,  we  find  that  the  most  accurate 
method,  which  is  computation  from  tests  on  boilers  and  l)ipe- 
coverings,  indicates  a  loss  of  radiation  from  well-covered  boilers 
of  about  1  per  cent,  at  ordinary  rates  of  working  (3,000  British 
thermal  units  transmitted  per  square  foot,  or  12  square  feet  per 
horse-power),  and  that  other  experimental  methods,  as  well  as 
Tables  II.,  III.,  and  IV.,  fail  to  show  that  the  loss  is  larger  than 
this.  While  the  proof  may  not  be  conclusive,  the  inference  is 
clear  that  the  radiation  is  only  about  1  per  cent,  at  ordinary  rates 
of  working,  about  2  per  cent,  when  boiler  is  half  worked,  or  \  per 
cent,  when  forced  to  double  the  ordinary  rate.  This  leaves 
about  8|-  per  cent,  still  unaccounted  for  of  the  9.0  average  unac- 
counted for  heat.  Some  carbon  is  undoubtedly  carried  up  the 
chimney  with  the  draft.  This  may  be  put  down  as  \  per  cent. 
In  some  of  the  tests  CO,  and  in  some  (German  tests  on  coal  dust) 
the  loss  in  the  ashes,  was  not  determined.  Allowing  1  per  cent, 
for  these,  we  still  find  7  per  cent,  unaccounted  for,  and  hydro- 
carbon gases  in  the  flue  are  the  loss  left  to  which  we  can  ascribe 
this  7  per  cent. 

It  should  be  noted  that  a  large  hydrocarbon  loss  introduces  an 
error  into  the  methods  of  figuring  the  gas  per  pound  of  coal. 
This  quantity  is  usually  figured  from  the  gas  per  pound  of  carbon 
and  the  percentage  of  carbon  in  the  fuel,  but  since  some  7  per 
cent,  of  the  heat  is  los^  in  the  form  of  hydrocarbons,  it  is  clear 
that  some  proportion,  perhaps  about  4  per  cent.,  of  the  carbon  is 
not  measured  in  the  gas  analysis,  so  that  this  method  of  compu- 
tation is  in  error  by  about  this  amount.  This  error  is,  however, 
too  uncertain  to  be  taken  account  of  in  the  present  calculations. 

Unaccounted  for  Loss,  continued. 

Next,  the  subject  of  what  causes  this  hydrocarbon  loss  will  be 
investigated.  Table  Y.  divides  the  tests  according  to  the  air 
supply   per  1,000  British  thermal   units  generated,  all  the  tests 
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being  included,  and  tlie  air  supply  taken  as  that  at  the  flue  in  all 
the  tests,  while  Table  VI.  makes  the  same  classification,  but 
includes  only  the  tests  in  which  the  air  supply  was  measured  at 
the  bridge,  or  in  which  there  was  no  probability  of  air  leakage 
having  occurred,  i.e.,  in  tests  on  combined,  locomotive,  return 
tubular,  marine,  and  Thorneycroft  boilers. 

Strictly  speaking,  the  classification  should  have  been  according 
to  the  air  supply  per  1,000  British  thermal  units  that  could  have 
been  theoretically  generated,  or,  better  still,  according  to  the  ratio 
of  the  air  actually  used  to  the  amount  theoretically  necessary  for 
perfect  combustion,  but  inspection  shows  that  the  correction 
would  make  but  slight  difference,  and  the  table  indicates  clearly 
that  the  hydrocarbon  loss  is,  if  anything,  smaller  when  the  air 
supply  is  small.  This  is  such  a  surprising  result  that  the  de- 
pendence of  the  CO  loss  on  the  air  supply  will  be  at  once  in- 
vestigated. 

Table  VII.  shows  that  the  CO  loss  does  depend  on  the  air 
supply,  especially  when  we  note  that,  strictly  speaking,  tests  12 
and  78  should  come  under  the  first  column,  since  the  high  fig- 
ure of  gas  per  1,000  thermal  units  in  those  tests  is  not  due  to 
the  large  air  supply  but  to  the  excessive  incomplete  combus- 
tion, reducing  the  thermal  units  generated.  If  these  tests  were 
placed  in  the  first  column  of  Table  VIT.  it  would  make  the 
average  losses  run  approximately  in  the  order  2|^,  -^,  ^q,  ^ 
per  cent.,  as  the  air  supply  increases,  showing  that  the  danger  of 
loss  from  CO  appears  when  the  gas  per  1,000  British  thermal 
units  falls  below  1.3  pounds,  or  approximately  below  one  and  a 
half  times  the  theoretical  amount  needed  for  perfect  combustion. 
Many  of  the  tests,  however,  show  that  it  is  possible  to  reduce 
the  air  supply  below  this  amount  without  forming  any  serious 
amount  of  CO  or  hydrocarbons  (test^^  1,  2,  3,  0,  55,  82,  and  others). 

Table  VIII.  is  self-oxplanatory.  It  shows  that  neither  stokers 
nor  coal-dust  firing  is  effective  in  decreasing  the  unaccounted 
for  or  hydrocarbon  loss,  and  while  the  down-draft  grates  show  an 
excellent  result,  the  number  of  tests  is  so  few  as  to  prevent  our 
accepting  the  result  as  final  with  any  confidence. 

Table  IX.  indicates  that  the  unaccounted  for  loss  increases  as 
the  quality  of  the  coal  decreases,  the  exception  being  the  high 
figure  for  the  single  test  of  anthracite  coal  and  for  the  Welsh  coal. 
It  is  probable  that  the  anthracite  and  Welsh  would  be  more 
accurately  represented  by  7  per  cent.,  and  that  the  difference  is 
50 
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about  4  per  cent,  between  the  best  and  worst  coals.  If  the  aver- 
age efficiency  of  the  boilers  be  taken  at  70  per  cent.,  this  would 
mean  about  6  per  cent,  greater  evaporation  per  heat  unit  from 
good  than  from  poor  coals.  [N.  W.  Lord's  results  indicate  {En- 
gineering News,  February  16,  1899)  about  4  per  cent,  difference 
between  Pocahontas  and  Ohio  coals.  Circular  5  of  the  Mutual 
Boiler  Insurance  Company  showed  that  Nova  Scotia  coal  was 
about  15  per  cent,  less  value  in  a  boiler  test  than  Cumberland, 
though  only  about  8  per  cent,  less  in  theoretical  heat  units,  indi- 
cating about  7  per  cent,  more  heat  unaccounted  for.] 

"Western  coals  have  been  reputed  to  give  lower  efficiencies  than 
these  figures  would  show,  and  there  may  be  some  characteristic 
in  Western  coals  that  would  have  this  effect.  It  is  to  be  regretted 
that  no  boiler  tests  with  Western  coals  were  found  in  which  both 
the  coal  analysis  and  gas  analysis  were  given. 

Table  X.  is  self-explanatory.  With  the  exception  of  the  marine 
boiler  tests,  the  cylinder  boiler  tests,  and  the  test  on  a  Lancashire 
boiler  with  gas  generator,  they  show  a  superiority  (by  about  4  per 
cent.)  for  the  boilers  with  fairly  large  furnace  and  brick  walls  over 
the  boilers  with  small  furnaces  and  no  brick  sides  to  the  furnaces. 

Cause  of  Hydrocarbon  Loss. 

The  following  hypothesis  seems  to  explain  the  unaccounted 
for  loss,  namely : 

The  loss  by  hydrocarbons  is  inversely  proportional  to  the  tem- 
perature of  the  fire. 

On  reviewing  the  tables  in  the  light  of  this  hypothesis  we  find 
that  in  Table  III.  the  temperature  of  the  fire  increases  as  the  rate 
of  combustion  increases,  for  the  reason  that  as  the  rate  of  com- 
bustion increases  less  time  is  offered  for  the  coal  bed  to  lose  heat 
by  radiation,  so  that  the  coal  bed  itself  and  the  gases  are  hotter. 
As  a  result  the  unaccounted  for  loss  (hydrocarbons)  should  and 
does  decrease  as  the  rate  of  combustion  increases  up  to  the  point 
where  the  solid  particles  of  coal  are  carried  over  by  the  draft.  In 
Table  V.  the  temperature  of  the  fire  theoretically  increases  as  the 
gas  per  1,000  British  thermal  units  decreases,  since  the  heat 
developed  is  taken  up  by  a  smaller  amount  of  gas,  and  therefore 
raises  it  to  a  higher  temperature,  so  that  the  hydrocarbon  loss 
should  decrease.  The  temperature,  however,  does  not  increase 
proportionately  with  the  decrease  of  air  supply  on  account  of  the 
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phenomenon  of  dissociatiou,  so  that  the  increase  of  temperature 
and  decreased  hydrocarbon  loss  at  low  air  supply  are  but  slight. 

In  Table  VIII.  neither  stokers  nor  coal-dust  firing  would 
differ  very  much  from  hand  firing  in  average  temperature  of  the 
fire,  while  the  down-draft  grate  with  its  double  combustion  should 
show  a  high  temperature  and  low  hydrocarbon  loss. 

In  Table  IX.  the  poor  grades  of  coal  with  large  amounts  of 
oxygen,  which  reduces  the  temperature,  and  with  a  large  propor- 
tion of  their  heat  units  in  the  form  of  hydrocarbons,  naturally 
show  a  larger  loss  than  the  good  coals. 

In  Table  X.  the  boilers  with  brick  in  the  furnace  and  the 
boilers  with  large  furnaces  naturally  have  a  higher  furnace  tem- 
perature and  lower  loss  than  the  boilers  like  the  Lancashire  or 
locomotive,  in  which  the  temperature  of  the  fire  is  quickly  reduced 
by  radiation  to  the  cold  boiler  shells  close  to  the  fire. 

Since  the  loss  is  greater  with  poor  coals  it  is  natural  to  expect 
that  good  furnace  conditions  would  be  more  important  with  poor 
coals  than  with  good  coals. 

Efficiency  of  Heating  Surface. 

In  regard  to  the  efficiency  of  heating  surface,  the  accuracy  of 
the  formula  will  be  first  investigated. 

Table  XI.  shows  the  average  errors  of  the  formula  at  different 
rates  of  evaporation  from  the  shell  boilers  (Lancashire,  cylinder, 
etc.),  for  fire-tube  boilers,  for  water-tube  boilers  of  the  Heine 
and  B.  &,  W.  class,  and  for  the  Thorneycroft  and  water-tube 
boilers,  while  Table  XIIo  shows  the  same  results  for  all 
classes  of  boilers.  Considering  the  probability  of  errors,  the 
results  show  a  gratifying  agreement  with  the  formula  at  all  rates 
of  evaporation,  with  the  exception  of  the  tests  of  water-tube 
boilers  of  the  Heine  and  B.  &  W.  type  at  low  rates  of  evapora- 
tion. This  exception  is  probably  due  to  short  circuiting  of  the 
gases  at  low  rates  of  working  and  consequent  ineffectiveness  of  a 
large  part  of  the  heating  surface.  The  fact  that  the  Thorney- 
croft, fire-tube,  water-tube  with  large  tubes,  and  Lancashire 
boilers  all  give  results  agreeing  about  equally  well  with  the  for- 
mula (with  the  single  exception  noted),  indicates  that  the  circu- 
lation, both  of  water  and  gases,  is  equally  good  in  all  those 
types. 

Table  XIII.   compares  the  results  of   t-h^   formula  when  air 
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supj^ly  is  varied.  The  results  indicate  that  the  formula  gives  too 
low  results  by  about  1^  per  cent,  when  the  air  supply  is  small, 
and  too  large  results  by  about  2  per  cent,  when  the  air  supply  is 
large — the  very  large  figure  for  air  supply  over  1.9  with  double 
tests  being  most  probably  due  to  accidental  error  or  air  leak- 
ages after  the  gases  have  left  the  boiler.  The  figures  with  gases 
measured  in  flue  only  on  boilers  subject  to  air  leakage  naturally 
show  results  higher  than  the  formula  when  the  air  sup|)ly,  as 
measured,  is  large,  since  in  many  of  these  cases  the  large  air 
supply  is  due  only  to  leakage. 

Part  of  this  divergence  from  the  formula  is  accounted  for  by 
the  approximate  method  of  calculation  used  (see  p.  772).  When 
the  air  supply  is  large,  the  error  in  neglecting  the  H2O  is  less 
than  the  error  from  using  .25  instead  of  .24  as  the  specific  heat 
of  the  gas.  This,  however,  would  account  for  less  than  1  per 
cent.,  leaving  the  formula  about  1  per  cent,  too  low  at  low  air 
supply,  and  about  1  per  cent,  too  high  at  large  air  supply. 
This  divergence  from  the  formula  is  clearly  not  due  to  any  vari- 
ation in  the  speed  of  the  gases  over  the  heating  surface,  since 
if  it  were  due  to  the  speed  it  would  appear  in  Tables  XL  and 
XII.,  where  the  variation  in  speed  over  the  heating  surface  is  over 
twice  as  great  as  the  variation  in  speed  in  Table  XIII.  The 
variation  from  the  formula  is  most  probably  due  to  air  leakage 
into  the  flue  after  the  gases  have  left  the  boiler,  but  before  they 
are  measured.  Such  air  leakage  would  cause  the  formula  to  in- 
dicate a  lower  result  than  the  truth,  i.e.^  would  make  the  varia- 
tion +  ,  and  would  be  more  often  present  when  the  air  supply,  as 
measured,  was  high.  It  is  probable,  therefore,  that  the  formula 
represents  the  average  efficiency  of  heating  surface  within  1  per 
cent.,  except  in  certain  boilers,  where  the  gases  short  circuit  at  low 
rates  of  evaporation,  and  that  variations  from  the  results  indicated 
by  the  formula  are  due  either  to  experimental  error  or  to  variation 
in  the  condition  of  the  heating  surface,  i.e.,  to  whether  it  is  clean 
or  covered  with  scale  or  not.  The  comparison  of  the  unaccounted 
for  losses  with  the  variations  from  the  formula  will  give  a  slight 
indication  of  whether  experimental  errors  or  variations  in  condi- 
tion of  heating  surface  are  most  frequent,  and  is  given  in  Table 
XVI.  An  error  in  the  steam  measurement  that  makes  a  +  varia- 
tion from  the  formula  diminishes  the  unaccounted  for.  An  error 
in  the  gas  that  makes  a  +  variation  in  the  formula  increases  the 
unaccounted  for.     Now,  if  the  gas  measurements  are  all  correct 
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and  the  steam  measurements  in  error,  we  should  find  that  tests 
with  +  difference  from  the  formula  usually  have  a  small  per  cent, 
unaccounted  for.  If  the  steam  measurements  are  correct,  and 
the  gas  measurements  in  error,  the  reverse  is  true.  If  they  are 
both  correct,  the  tests  with  variation  in  the  formula  would  be 
equally  divided  between  the  tests  with  small  and  the  tests  with 
large  unaccounted  for  losses. 

Now,  Table  XIY.  shows  no  great  tendency  for  the  tests  with 
either  +  or  —  variations  to  fall  into  either  the  class  of  low  or 
the  class  of  high  per  cents,  unaccounted  for,  and  since  it  is  very 
improbable  that  the  +  error  in  the  gas  and  the  —  error  in  the 
steam,  or  vice  versa,  should  both  be  large,  and  should  also  balance 
each  other,  the  inference  is  that  the  tests  are  reasonably  correct, 
so  far  as  the  steam  and  gas  are  concerned,  and  that  variations 
from  the  formula  are  due  to  variations  in  the  condition  of  the 
heating  surface  (which  would  be  caused  by  short  circuiting  of 
gases,  or  by  scale  or  soot  on  the  heating  surface)  rather  than  to 
experimental  error.  Of  course,  experimental  errors  are  undoubt- 
edly present,  and  are  often  large,  but  the  table  (XIV.)  indicates 
that  on  an  average  they  are  not  so  important  as  the  variations  in 
condition  of  heating  surface.  It  should  also  be  noted  that  this 
comparison  shows  nothing  whatever  about  the  accuracy  of  the 
measurements  of  the  fuel  or  the  heat  therein. 

Air  Sujpjply. 

The  amount  of  air  used  in  different  types  of  furnace  is  shown 
in  Table  XV.  The  fact  that  mechanical  stokers  need  fully  as 
much  air  to  develop  the  heat  as  hand  firing  is  a  surprise.  The 
other  figures  are  much  what  we  should  expect. 

The  variation  in  air  supply  with  different  rates  of  combustion 
is  shown  in  Table  XVI.  The  air  supply  decreases  markedly  as 
the  rate  of  combustion  increases. 

It  is,  however,  probable  that  it  is  the  ratio  between  the  square 
root  of  the  draft  pressure  and  the  rate  of  combustion  that  affects 
the  air  supply,  and  not  the  rate  of  combustion  alone. 

The  variation  of  air  supply  with  various  grades  of  coals  is 
shown  in  Table  XVIL     The  table  gives  no  indication  of  any  law. 

The  loss  in  efficiency  due  to  air  leakage  is  shown  in  Table  XII. 
Boilers  in  which  the  gases  were  tested  in  both  bridge  and  flue 
showed  about  4  per  cent,  worse  efficiency  than  that  indicated  by 
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the  formula  using  the  air  supply  at  the  bridge.  Since  the  formula 
appears  to  be  nearly  correct,  this  is  the  measure  of  average  loss 
by  air  leakage  in  these  boilers,  although  it  is  much  higher  in  some 
cases.  Using  Table  XI.,  the  loss  appears  to  be  about  the  same 
for  the  Lancashire  types  and  for  the  water  types  subject  to  air 
leakage,  after  allowing  for  the  loss  in  two  of  the  water-tube  tests 
by  short  circuiting  of  the  gases. 

The  lessons  to  be  learned  from  tliese  data  are  as  follows.  Most 
of  them  only  confirm  present  best  practice  : 

In  designing  or  selecting  a  boiler  have  the  furnace  roomy,  and, 
if  practicable,  line  it  with  brick  in  order  to  have  a  very  high 
furnace  temperature. 

Pay  especial  attention  to  the  furnace  if  poor  coal  is  to  be  used. 
Get  rid  of  air  leaks  after  the  gases  have  left  the  hot  furnace. 
Proportion  the  boiler  so  that  at  least  15  pounds  of  coal  per 
square  foot  of  grate  must  be  burned  to  develop  its  horse-power, 
and  so  to  keep  the  rate  of  evaporation  per  square  foot  of  heat- 
ing surface  low.  This  involves  a  moderately  high  ratio  of  heat- 
ing to  grate  surface. 

The  horizontal  return  tubular  boilers  appear,  all  things  con- 
sidered, to  be  the  type  of  boiler  for  best  economy  of  steam  pro- 
duction, although  the  internally  fired  boilers  are  probably  as  good 
if  the  furnace  is  roomy  and  the  firing  careful.  The  Thorneycroft 
boiler,  which  (from  a  comhiistion  point  of  view)  is  of  this  type, 
shows  the  best  result  of  all. 

Certain  of  the  water-tube  boilers  suffer  from  air  leakage  and 
from  short  circuiting  of  gases  if  underworked.  Of  course  the 
advantages  of  water-tube  boilers  often  make  their  choice  advis- 
able, even  at  the  possible  expense  of  a  slight  loss  in  efficiency. 

The  Lancashire  type  suffers  from  air  leakage,  and  the  furnace 
is  poor. 

Stokers  save  nothing  over  hand  firing,  either  in  better  combus- 
tion or  less  air  supply.  This  does  not  necessarily  apply  to  all 
stokers,  and  it  should  be  remembered  that,  even  if  it  should 
finally  prove  to  be  true  that  stokers  are  no  more  efficient  than 
hand  firing,  yet  saving  in  labor  and  smoke  may  pay  good  returns 
on  their  cost. 

Down-draft  grates  show  up  well,  both  in  good  combustion  and 
small  air  supply,  but  the  number  of  tests  is  too  few  to  allow  final 
conclusions  to  be  drawn. 

The  results   show  that  present  knowledge  enables  the  boiler 
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efficiency  to  be  predicted  reasonably  well,  provided  the  efficiency 
of  combustion  and  the  air  supply  are  accurately  known,  and 
although  these  quantities  themselves  cannot  as  yet  be  accurately 
predicted,  yet  it  is  shown  that  the  temperature  of  the  furnace  is 
at  least  one  factor  in  the  question  of  good  combustion,  and  that 
rate  of  burning  per  square  foot  of  grate  either  affects  the  air  sup- 
ply or  is  affected  by  some  causes  that  also  affect  the  air  supply 
so  that  they  vary  together. 

The  most  pressing  need,  therefore,  in  the  study  of  boiler 
efficiency  is  the  further  determination  of  the  factors  that  govern 
the  efficiency  of  combustion  and  the  air  supply.  The  latter  can 
be  studied  by  the  means  of  taking  gas  analyses  at  the  bridge  wall 
for  different  methods  or  frequency  of  firing,  thickness  of  fire,  etc. 
The  factors  governing  efficiency  of  combustion  can  only  be  deter- 
mined by  carefully  conducted  and  complete  tests  with  heat 
balance.  In  this  connection  it  should  be  noted  that  one  or  two 
accurate  tests,  in  which  all  the  quantities,  such  as  thickness  of 
fires,  gas  analysis,  etc.,  are  observed,  are,  for  the  purpose  of  in- 
creasing our  knowledge  of  boiler  efficiency,  worth  a  thousand  tests 
in  which  the  efficiency  or  evaporation  is  measured  alone. 
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TABLE    IL 
Unaccounted  for  Heat  and  Rate  op  Evaporation. 


B.  T.  IT.  Transmitted 
Per  Sq.  Ft.  of  Heat- 
ing Surface  Per 
Hour. 

Less  Than 
2,500. 

2,  .500   to 
3,500. 

3,!500  to 
4,500. 

4,500  to 
5,500. 

Over  5,500. 

All  Teste. 

Number  of  tests . . 

Total  per  cent,  un- 
accounted for. .  . 

Average   per  cent. 
unaccounted  for. 

12 
113.3 
9.5 

24 

239.7 

10.0 

25 
228.3 
9.1 

24 
223.2 
9.30 

18 

179.8 

10.0 

103 
984.3 
9.6 

TABLE  III. 
Unaccounted  for  Heat  and  Rate  of  Combustion. 


Pounds  Coal  Per 

Sq.  Ft.  of  Grate 

Per  Hour. 

Less  Than 

15. 

% 

15  to  25. 

25  to  35. 

Over  35. 

Coal-dust 
Firing. 

Miscella- 
neous. 

All  Tests 

Number  of  tests. 
Total    per   cent, 
unaccounted  for. 
Average  per  cent, 
unaccounted  for. 

17 
162.1 
9.5 

43 
393.7 
9.2 

18 
145.3 

8.1 

5 

60.7 
12.1 

19 

207.1 

10.9 

1 

15.4 
15.4 

103 
984.3 
9.6 

TABLE   IV. 
Unaccounted  for  Heat  axd  Rate  of  Evaporation. 

Lancashire,  Cornish,  and  Gallowat  Boilers  Only. 


B.  T.  r.  Transmitted 
Per  Sq.  Ft.  of  Heat- 
ing Surface  Per 
Hour. 

Less  Than. 
2,500. 

2,.500  to 
3,500. 

3,500  to 
4,500. 

4,500  to 
5,500. 

Over  5,500. 

All  Tests  of 

These 

Boilers. 

Number  of  tests.  . 

Total  per  cent,  un- 
accounted for. . . 

Average  per  cent, 
unaccounted  for. 

1 

5.8 
5.8 

4 

53.5 
13.4 

11 
101.2 
9.2 

17 
150.7 
8.9 

13 

151.9 

11.7 

46 

463.1 

10.1 

TABLE  V. 
Unaccounted  for  Heat  and  Air  Supply. 


Pounds  Gas  per  1,000  B.  T.  U.  Generated. 


Number  of  tests 

Total  per  cent,  unaccounted  for.. .  . 
Average  per  cent,  unaccounted  for. 


Under  1.3. 

1.3  to  1.6. 

1.6  to  1.9. 

Over  1.9. 

23 

199.2 

8.7 

37 

320.5 
9.7 

20 

186.3 
9.3 

27 
278.3 
10.3 

All  Tests. 


103 
984.3 
9.6 


In  Table  Y.  the  quantity  of  gas  is  that  in  the  flue,  and  includes 
all  tests. 
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TABLE   VI. 
Unaccounted  for  Heat  and  Air  Supply. 


Pounds  Gas  per  1,000  B.  T.  U.  Generated. 


Number  of  tests,  no  air  leak. . . .   . . 

Total  per  cent,  unaccounted  for  . . . 
Average  per  cent,  unaccounted  for. 


Under 

1.3. 

29 

262 

1 

9 

1 

1..3to].0. 


33 
327.2 
9.9 


1.6  to  1.9. 


13 

117.4 
9.0 


Over  19. 

9 
92.0 
10.3 

All  TeetH. 


84 
798.7 
9.5 


TABLE  VIL 
Carbon  Monoxide  Loss  and  Air  Supply. 


Pounds  Gas  per  1,000  B.  T.  U.  Generated. 

Under  1.3. 

1.3  to  1.6. 

1.6  to  1.9. 

1.9and0vcr. 

Number  of  tests,  no  air  leak 

29 
19.5 

.7 

33 
43.2* 
1.3 

13 
3.0 
.2 

9 

Total  per  cent   of  CO  loss 

1.1 

Average  per  cent,  of  CO  loss ... 

.1 

TABLE  VIII. 
Unaccounted  for  Loss  and  Type  of  Furnace. 


Number  of  tests 

Total      per     cent,     unac 

counted  for 

Average   per   cent,    unac 

counted  for 


Ordinary 
Hand 
firing. 


52 
475.5 
9.1 


Cokinij      Coal-dust 
Stokers.  I    Firing. 


26 
256.1 
9.9 


19 
207.1 
10.9 


Down- 
draft 
Grates. 


4 

22.6 
5.7 


Miscella- 
neous. 


3 

23.0 
11.5 


All 
Tests. 


103 
984.3 
9.6 


TABLE   IX. 
Unaccounted  for  Loss  and  Kind  of  Coal. 


03    .• 

'^  <6 

-oi 

i) 

c  c  « 

_; 

« 

C  s- 

^  S 

Coal. 

it 

m 

1 

umberla 
Pocaho 
and    CI 
field. 

cS 
O 

O 
u 

.a 

u 

.      OS 

c 

O 

c3^ 

£  t»i  o/ 

o 
3 

< 
1 

^ 

'O 

7 

Og 

OS 

47 

pq 

S 

Number  of  tests.  .  . 

16 

15 

21 

10 

26 

103 

Total  per  cent,  un- 

accounted for . . . 

17.1 

15.4 

162.2 

104.9 

55.2 

187.4 

39.8 

109.2 

293.5 

984.3 

Average    per  cent. 

unaccounted  for. 

5.7 

15  4 

10.1 

7.0 

7.9 

8.9 

10.0 

10.9 

11.2 

9.6 
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TABLE   X. 
Unaccounted  for  Loss  and  Type  of  Boiler. 


X 

2i 

Si 

s 

o 

i-> 

ja 

OQ 

^ 

X 

eJ 

0 

!'"' 

.— 

OS 

o 

e 

^ 

P= 

^ 

o 

a 

ll 

C  c3 

"3 

i 

'a 

4> 
O 

S 

o 

.s 
a 

4) 

o  a; 

a. 

c 

0- 
Eh 

"5 

c 
x: 

T3 

s 

Eh 

♦J 
a 
o 

N 

o 
o 

s 

S3 

All. 

S^ 

(h 

o 

fl 

^b 

Xi 

o. 

^ 

o 

'fi 

o 

o 

^ 

o 

a 

Oj 

J= 

93 

o 

O 

I-; 

> 

3 

O 
8 

5 

4 

9 

O 
2 

2 

4 

EC 
8 

4 

1 

Number  of  tet'ts 

45 

2 

6 

103 

Total      per     cent,     un- 

accounted for 

455.5 

30.9 

66.2 

38.9 

85.6 

43.8 

31.7 

61.9 

11.0 

18.3 

62.9 

58.3 

11.7 

7.6 

984.3 

Average    per  cent,   un- 

accounted for 

10.1 

15.5 

11. 0 

13.0 

10.7 

8.8 

7.9 

6.9 

5.5 

9.2 

15.7 

7.3 

2.9 

7.6 

9.6 

TABLE  XL 
Variations  from  Efficiency  by  Formula  and  Rate  of  Evaporation. 

Double  Tests  on  Shell  Boilers  (Lancashire,  Etc.). 


B.  T.  U.  Transmitted  per  Square 
Foot  per  Hour. 

Under 
2,500. 

2,500  to 
3,500. 

3,500  to 
4,.500. 

4,500  to 
5,500. 

Over  . 

3,500. 

Number  of  tests 

Per  cent,  above  formula. . 

0 

2 

6.0 

10.7 

4.7 

-  2.3 

10 
29.2 

17.7 

11.5 

-f    1.1 

18 
89.1 

73  5 
15.6 

+  .9 

10 
45.7 
37.4 

8.3 
+  .8 

40 
170.0 

Per  cent,  below  formula. . 

139.3 

Difference 

30.7 

Average  per  test 

+  .8 

Double  Tests  on  Water-tube  Boilers. 


Number  of  tests 

Per  cent,  above  formula. 
Per  cent,  below  formula. 

Difference  

Average  per  test  


2 

4 

1 

0 

20.7 

7.0 

28.8 

20  0 

5.4 

28.8 

1.3 

1.6 

14.4 

-.3 

+  L6 

Tests  op  Fire-tube  Boilers  (No  Air  Leak  or  Double  Test). 


Number  of  tests 

Per  Cent,  above  formula. 
Per  cent,  below  formula. 

Difference  

Average  per  test 


7 

27  7 

56.2 

28.5 

-4.1 


6 

11 

10 

2 

4 

33 

11.2 

31.5 

28.4 

5.5 

4.3 

80.9 

14.3 

14.5 

5.6 

5.5 

.8 

40.7 

2.1 

17.0 

22.8 

0 

3.5 

40.2 

-.3 

+  1.5 

-F  2.3 

+0 

+  .9 

-h   1.2 

Tests  op  Thorneycropt  Water-tube  Boilers  (No  Air  Leak). 


Number  of  tests 

1 
-fl.2 

1 
-  2.9 

1 
+   1.9 

1 
0 

4 

Average 

+  .1 

'1)2 


BOILER  AND   FURNACL   EFFICIENCY. 


TABLE    XII. 
Same  as  Tai^le  XI. 


B.  T.  I'.  Tran!<mitted  jjct  Square 
Foot  of  Ileat'g  Surface  per  llr. 

Lesg  than 
2,500. 

2,500  to 
3,500. 

3,500  to 
4,500. 

4,500  to 
5,500. 

Over 
5,500. 

All 
Teste. 

Number  of  double  tests  .  . 
Actual     efficiencies   com- 
pared with  computed  : 
Per  cent   al)Ove 

4 

9.2 

35.6 

26.4 

-  6.6 

5 
3.2 

7.5 

4.3 

-   .8 

3 

10.7 

1.8 

8.9 

+  3.0 

10 

43.4 

44.8 

1.4 

-   .1 

7 

14.8 

2.4 

12.4 

+   1.8 

7 
25.0 

1.6 

23.4 

+  3.3 

12 

32.7 

18.3 

14.4 

+    1.2 

9 
24.9 

7.8 

17.1 

+   1.9 

4 

10.4 
45 

5.9 

+   1.5 

19 
96.1 

78.9 

17.2 

+   .9 

3 

7  4 

5.5 

1.9 

+    .6 

2 

0 
6.4 
6.4 
-  3.2 

10 

45.7 

37.7 

8.0 

+    .8 

5 
4.3 

.8 
3.5 

+    .7 

3 

25.8 
4.1 

21  7 

7.2 

55 
22.1 

Per  cent  below 

21.3 

Difference 

11.8 

Av^erage  per  test 

Number  of  tests  with  no 
air  leak 

+    .2 
29 

Per  cent,  above 

54.6 

Per  cent,  below 

Difference  

Average  per  test 

24.0 

30.6 

+     57 

Number  of  tests  with  air 
leak 

19 

Per  cent,  above . 

71  9 

Per  cent,  below 

18.4 

Difference 

53.5 

Average  per  test 

+   28 

TABLE   XIII. 
Variations  from  Efficiency  by  Formula  Compared  with  Air  Supply. 


Pounds  Gas  per  1.000  B.  T.  U. 
Generated. 

Under  1.3. 

1.3  to  1.6 

1.6  to  1.9. 

All  Tests. 

Number  of  double  tests 

14 
15.1 
46.7 
31.6 

-  2.2 

8 

4.0 

10.7 

6.7 

-  .8 

4 
.4 

8.5 
8.1 

-  2.0 

15 
35.3 
63.0 

27.7 
-  1.9 

13 
29.2 
6.5 

22.7 
+  1.7 

5 

3.7 

8.2 

4.5 

-  .9 

16 

71.6 

73.1 

1.5 

-  .1 

3 

7.9 

1.1 

6.8 

+  2.3 

4 

149 

17 

132 

+  3.3 

10 

10.).  1 
32.2 
71.9 

+  7.2 

5 

13.5 

5.7 

7.8 

+  1.6 

6 
529 

0 
529 

+  8.8 

55 

Per  cent,  above 

2-271 

Per  cent,  below 

Difference 

215.(1 
12.1 

Average  per  test . . 

Number  of  tests  no  air  leak  .... 
Per  cent,  above 

+  .0 
54.  G 

Per  cent,  below 

24.0 

Difference 

Average  per  test 

eo.6 

+  1.1 

Number  of  tests  air  leak 

Per  cent,  above 

19 
710 

Per  cent,  below . 

Difference 

184 
535 

Average  per  test 

+  2.8 
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TABLE    XIV. 
Same  as  Table  XIII. 


Unaccounted  for  Per  Cent. 

0to5. 

5  to  10. 

10  to  1.5. 

Over  15. 

All  Tests. 

Number  of  tests  no  air  leak 

Per  cent,  above 

6 

3.8 

3.6 

.2 

0 

3 
13.0 
0 
13.0 

4.3 

12 

34.5 

8.1 

26.4 

+  2.2 

26 
130.7 
108.1 

22.6 

+  .8 

9 

15.0 

12.5 

2.5 

+  .3 

17 

54.1 

81.4 

27.3 

-  1.6 

2 

1.3 

.2 

1.1 

4-  .6 

9 
29.3 
25.5 

38 

+  .4 

29 
54.6 

Per  cent,  below 

Difference 

•  24.0 
30.6 

Average  per  test 

+  11 

Number  of  double  tests   

Per  cent,  above  formula 

Per  cent,  below  formula 

Difference 

55 
217.1 
215.0 

2.1 

Average  per  test 

0 

TABLE  XV. 
Air  Sopply  on  Different  Types  of  Furnace. 


Grate 


Pounds  gas  per  1,000  B.  T. 
U.  in  no  air  leak  tests 
or  with  gas  measured  at 
bridge 

Total 

Average  per  test 


Down- 

Miscella- 

Ordinary. 

Stokers. 

draft. 

Coal-dust. 

neous. 

40 

23 

2 

18 

1 

61. 50 

35.63 

2.69 

21.98 

1.70 

1.54 

1.55 

1.35 

1.22 

1.70 

All. 


84 
123.56 
1.47 


TABLE  XVI. 
Air  Supply  at  Different  Rates  of  Combustion. 


Pounds  Coal  per  Square  Foot  of    a  *„  -.k 
Grate  per  Hour.  u  lo  lo. 


Number  of  tests  with  no  air 
leak  or  gas  measured  at 
bridge 

Gas  per  1,000  B.  T.  U. . . . 

Average  per  test 


12 

22.07 

1.84 


15  to  25.  25  to  35. 


32 
47.53 
1.49 


16 

23.78 
1.49 


35  and 
Over. 


5 
6.52 
1.30 


Coal  Dust. 


18 
21.98 
1.22 


Miscel- 
laneous. 


1 
1.73 
1.73 


All  Tests. 


84 

123.58 
1.47 


51 
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TABLE  XVII. 
Air  Supply  with  Different  Kinds  of  (.'oal. 


Coal 


Number  of  tests 
(no  air  leak  or 
gas  measured  at 
bridge). . . . 

Pounds  gas  per 
1,000  B.  T.  U 

Average 


•C  oT 

C  C3     • 

• 

Coke. 

Welsh. 

Ciimberla 
Pocahont 
Clearfield 

Ruhr. 

(-1   ;- 

Scotch 

and 
Yorks. 

Brown. 

Miscel- 
laneous. 

2 

8 

9 

7 

21 

4 

9 

24 

3.05 

12.99 

13.7 

9.53 

30.16 

6.85 

13.57 

33.73 

1.55 

1.62 

1.52 

1.36 

1.44 

1.71 

1.51 

1.41 

All. 


84 

125.38 
1.47 


DISCUSSION. 

Mr.  Williain  Kent. — If  any  other  student  of  the  subject  of  boilers 
had  taken  these  100  tests  and  tabulated  them  as  Mr.  Hale  has 
done,  and  studied  them  throughout,  I  think  he  would  probably 
reach  the  conclusion  which  Mr.  Hale  has  practically  reached,  but 
which  he  does  not  exactly  state  in  words,  namely,  that  the  study 
of  100  tests  of  different  coal  and  different  boilers,  made  by  different 
people  under  all  sorts  of  conditions,  will  not  enable  us  to  say  what 
are  the  laws  that  govern  the  results  of  these  tests.  I  think  that 
conclusion  is  about  what  Mr.  Hale  has  got,  and  it  would  appear 
therefore  that  the  whole  study  is  love's  labor  lost. 

1.  The  definitions  of  three  kinds  of  efficiency,  credited  to  Hud- 
son, seem  to  be  applicable  strictly  only  to  internally  fired  boilers 
of  the  marine  or  locomotive  type.  In  externally  fired  boilers  the 
radiation  loss  is  of  two  kinds,  (a)  That  which  passes  through  the 
brick  walls  and  never  enters  the  boiler ;  (J)  that  which  is 
radiated  from  the  steam  space  in  the  boiler  through  the  metal 
and  its  outer  covering.  For  such  boilers  a  revision  of  the  defini- 
tion seems  necessary. 

2.  The  author  takes  the  efficiency  of  combustion  as  the  sum  of 
the  heat  utilized  in  making  steam  and  the  loss  of  heat  in  the  chim- 
ney gases,  neglecting  radiation.  It  does  not  seem  right  that  this 
should  be  neglected.  Where  it  is  not  known  it  would  seem  better 
to  assume  it  at  2  per  cent,  or  3  per  cent,  than  to  assume  that  it  does 
not  exist  at  all. 

3.  The  author  says  that  "the  liigher  the  rate  of  combustion  the 
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less  the  unaccounted  for  loss  up  to  the  limit  of  35  pounds  per  square 
foot  of  grate  per  hour.  The  high  loss  above  this  limit  is  probably 
due  to  particles  of  coal  carried  up  the  chimney  by  the  strong 
draft."  I  see  no  reason  for  believing  that  the  increase  of  4  per 
cent,  in  the  loss  unaccounted  for  can  be  thus  explained.  It  is  due, 
no  doubt,  to  the  fact  that  all  the  tests  above  the  limit  of  35  pounds 
were  of  brown  coal,  except  one.  In  that  one  the  rate  of  driving 
was  the  highest  in  the  whole  list,  test  No.  4,  Thorneycroft  boiler, 
66.8  pounds  per  square  foot  of  grate  per  hour,  but  the  unac- 
counted for  loss  is  ]Hit  down  as  only  2.3  to  3.9  per  cent.  The 
only  conclusion  that  I  can  draw  from  Tables  II.,  III.,  and  lY.  is 
that  the  loss  unaccounted  for  is  independent  of  the  rate  of  com- 
bustion or  of  the  rate  of  driving  of  the  boiler. 

4.  From  Tables  Y.,  YI.  and  YIL,  I  would  draw  the  conclusion 
that  there  is  no  relation  between  the  loss  unaccounted  for  and  the 
pounds  of  gas  per  1,000  B.  T.  U.  generated. 

5.  From  Table  YIII.  I  would  draw  the  conclusion  that  the  loss 
unaccounted  for  is  practically  independent  of  the  method  of  firing, 
except  that  the  down-draft  furnace  appears  to  greatly  decrease 
this  loss,  if  four  tests  are  enough  to  judge  from. 

6.  From  Table  IX.  I  would  draw  the  conclusion  that  there  must 
be  some  mistake  in  the  reported  results  of  the  test  with  anthra- 
cite coal,  No.  80,  either  in  the  reported  evaporation,  in  the  re- 
ported heating  value  of  the  coal,  or  in  the  gas  analysis  from  which 
the  reported  loss  of  heat  in  the  chimney  gases  is  computed.  That 
the  loss  of  heat  in  the  gases  could  be  only  10.2  per  cent.,  and  at 
the  same  time  the  unaccounted  for  loss  could  be  15.4  per  cent.,  is 
evidence  of  some  error.  In  the  same  table  the  loss  unaccounted 
for  in  the  brown-coal  tests  is  given  as  averaging  10.9  per  cent.,  but 
if  we  omit  the  dust-firing  tests  with  this  coal,  in  which  the  con= 
ditions  of  combustion  are  very  different  from  those  with  other 
methods  of  firing,  we  find  that  the  loss  unaccounted  for  ranges 
from  12.0  to  16.4  per  cent.,  averaging  13.6  per  cent,  in  six  tests. 
The  loss  unaccounted  for  is  therefore  very  much  greater  with  the 
brown  coals,  dust-firing  tests  excepted,  than  with  any  other  coals. 

7.  The  author  says :  "  The  horizontal  return  tubular  boilers 
appear,  all  things  considered,  to  be  the  type  of  boiler  for  best 
economy  of  steam  production."  I  can  find  nothing  in  the  paper 
which  supports  this  conclusion.  The  figures  of  the  heat  balance 
in  Table  I.  and  those  of  the  loss  unaccounted  for  in  Table  X.  do 
not  appear  to  support  it.     It  is  not  to  be  expected  that  any  satis- 
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factory  conclusion  can  be  drawn  on  this  point  from  such  a  hetero- 
geneous lot  of  tests  as  those  given  in  the  paper,  with  boilers  of  all 
sorts  of  proportions,  tested  at  different  places,  with  different  fuels 
and  furnaces,  and  with  different  rates  of  driving.  It  is  especially 
difficult  to  draw  conclusions  when  we  have  no  means  of  knowing 
whether  the  heating  values  of  the  coal  or  the  gas  analyses  are  ac- 
curate. This  same  criticism  applies  with  equal  force  to  nearly  all 
the  conclusions  drawn  in  the  paper. 

8.  Tlie  author  says  that  the  "  hydrocarbon  gases  in  the  flue  are 
the  loss  to  which  we  can  ascribe  this  7  per  cent."  unaccounted 
for.  The  tables  show  numerous  instances  in  which  there  appears 
to  have  been  an  abundant  supply  of  air  and  no  CO  in  the  chim- 
ney gases.  It  is  difficult  to  believe  that  in  all  these  cases,  espe- 
cially with  semi-bituminous  coals,  tliere  can  be  any  great  amount  of 
hydrocarbon  gases  unburned,  yet  we  find  some  cases  in  which 
with  these  coals  the  unaccounted  for  loss  is  over  7  per  cent.  Test 
No.  4,  made  by  Mr.  Hale  himself,  is  one  of  these.  With  Poca- 
hontas coal,  burned  at  20  pounds  per  square  foot  per  hour,  with 
1.54  pounds  of  gas  per  1,000  British  thermal  units  generated,  indi- 
cating abundant  air  supply,  and  with  no  CO  in  the  chimney  gases, 
there  is  an  apparent  loss  unaccounted  for  of  9  per  cent. 

There  are  two  suppositions  which  may  account  for  this  loss  un- 
accounted for  (besides  errors  in  the  reported  heating  value  of  the 
coal,  and  errors  in  gas  analyses,  both  of  which  are  highly  proba- 
ble) :  1.  Firing  large  quantities  of  coal  at  a  time,  resulting  in 
choking  the  air  supply,  and  the  sudden  volatilization  of  large 
quantities  of  hydrocarbon  gas  which  escape  unburned.  If  a  long 
time  elapses  after  such  firing  the  coal  bed  burns  down,  and  the 
gas  analyses,  averaged  during  the  whole  time  between  consecutive 
firings,  will  show  an  abundant  air  supply,  but  will  not  reveal  the 
fact  that  for  two  or  three  minutes  during  that  time  the  air  supply 
was  deficient  and  the  hydrocarbon  gases  were  escaping  unburned. 
2.  The  generation  of  water  gas  from  the  decomposition  of  the 
moisture  in  the  coal,  and  its  escape  unburned.  This  must  neces- 
sarily take  place  if  we  have  the  conditions  as  follows:  First,  a 
thick  bed  of  wdiite-hot  coke  on  the  grates ;  second,  a  heavy  firing 
of  fine  coal,  containing  a  large  quantity  of  moisture,  such  as  is 
found  in  the  coals  of  our  Western  States  and  in  the  brown  coals 
and  lignites.  The  fresh  coal  chokes  the  air  supply,  the  moisture 
suddenly  evaporates  while  in  contact  with  hot  coke,  and  the  re- 
action C  +  H20=CO  +  2H  takes  place.     This  C0  +  2H,  or  water 
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gas,  finding  no  free  oxygen  present,  escapes  unburnetl.  In  a  series 
of  tests  with  Western  coals  which  I  made  three  years  ago,  taking 
gas  samples  one,  two,  three,  and  four  minutes  after  firing,  I  often 
found  that  the  first  sample  contained  as  liigh  as  7  per  cent.  CO, 
and  no  free  oxygen,  and  the  second  contained  5  CO  and  1  or  2  O. 
In  such  cases  the  loss  unaccounted  for  was  from  15  to  23  per  cent., 
the  latter  being  a  higher  figure  than  any  of  those  given  by  Mr. 
Hale.  A  careful  study  of  these  tests  at  the  time  led  to  the  con- 
clusion that  the  only  way  to  account  for  this  very  high  loss  un- 
accounted for  was  the  su])position  that  in  addition  to  the  rapid 
volatilization  of  the  hydrocarbons  in  the  absence  of  any  free  oxy- 
gen to  burn  them  was  the  generation  of  water  gas  from  the 
decomposition  of  the  moisture  in  the  coal,  and  I  have  as  yet  found 
no  reason  to  believe  that  the  supposition,  which  was  original  with 
m^'Self,  was  not  a  correct  one. 

The  remedy  for  this  unaccounted  for  loss  is  clearly  apparent. 
1.  The  firing  should  be  done  so  as  to  avoid  the  rapid  volatilization 
of  great  quantities  of  gas  and  the  evaporation  of  moisture  at  one 
time.  2.  The  gas  must  be  brought  immediately  into  intimate  con- 
tact with  very  hot  air.  3.  There  should  be  a  fire-brick  combustion 
chamber  in  which  the  complete  combustion  of  the  gas  may  take 
place  before  it  is  allowed  to  come  in  contact  with  the  compara- 
tively cool  surface  of  the  boiler.  If  this  triple  remedy  were  gener- 
ally adopted  we  would  not  only  save  the  unaccounted  for  loss,  say 
10  to  20  per  cent,  with  Western  coals,  but  would  abolish  the  smoke 
nuisance,  "  a  consummation  devoutly  to  be  desired." 

One  of  the  chief  objects  of  the  paper  is  the  study  of  the  ''  un- 
accounted for  loss."  I  think  that  the  author  fails  to  get  one  of 
the  reasons  why  there  is  this  loss.  He  mentions  one  reason — the 
hydrocarbon  loss,  but  he  seems  to  consider  that  that  is  the  only 
loss  unaccounted  for.  He  speaks  of  the  investigation  necessary 
in  regard  to  air  supply,  but  he  does  not  seem  to  notice  at  all  the 
fact  that  the  air  supply  in  ordinary  furnaces  fired  with  bituminous 
slack  coal  varies  every  second  during  the  time  from  one  firing 
to  the  next.  If  we  are  firing  slack  coal  with  some  moisture  in  it, 
the  air  supply  immediately  after  firing  is  practically  nothing ;  we 
have  choked  off  all  the  air  supply  ;  we  have  sudden  volatilization 
of  gases,  which  makes  a  partial  plenum  in  the  furnace,  checking 
the  draft,  and  we  have  distillation  of  water  from  the  moist  coal. 
At  this  instant  our  analysis  shows  no  oxygen  in  the  gases.  For 
the  first  minute  after  firing  bituminous  coal,  four  shovelfuls  on 
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eacli  side  the  grate,  I  have  found  no  oxygen  in  the  chimney 
gases  and  as  high  as  7  per  cent,  carbonic  oxide.  If  I  liad  waited 
ten  minutes  before  the  next  firing  no  doubt  I  would  have  an  enor- 
mous sui)})ly  of  air.  So  the  air  supply  is  a  thing  which  cannot  be 
regulated  at  all  by  hand  firing,  except  within  such  certain  limits  as 
arc  possible  by  repeated  firings.  It  is  possible  with  the  use  of 
mechanical  stokers  and  other  devices,  with  expert  firing,  to  regu- 
late the  air  supply  pretty  uniformly  throughout  the  tests,  but  it  is 
not  possible  with  ordinary  furnaces  and  ordinary  firing,  where  soft 
coal  is  used.  In  a  series  of  seventy-five  tests  which  I  made  about 
three  years  ago  I  found  the  unaccounted  for  loss  to  range  from  4 
per  cent,  to  23  per  cent.  The  ordinary  way  of  accounting  for  it, 
namely,  the  distillation  of  hydrocarbons,  would  not  account  for 
the  higher  figure  at  all.  So  I  framed  a  new  theory  which  I  sub- 
mit to  Mr.  Hale  for  his  consideration.  It  is  that  this  very  serious 
loss  occurs  with  moist  coal.  When  we  fire  on  a  bed  of  white-hot 
coke  several  shovelfuls  of  bituminous  coal,  high  in  moisture,  we 
have  all  the  conditions  necessary  for  making  water  gas.  Illinois 
coal  oftentimes  contains  14  per  cent,  of  water.  That  water  is 
almost  immediately  vaporized.  An  analysis  of  the  chimney  gases 
taken  at  this  time  shows  no  free  oxygen.  The  water  is  decom- 
posed, making  water  gas,  carbonic  oxide  and  hydrogen,  by  the 
reaction  C  +  H„0  —  CO  +  2H.  AVe  are  turning  the  furnace  into  a 
hydrogen  producer.  And  siuce  there  is  no  oxygen  to  burn  that 
hydrogen,  it,  together  wdth  the  carbonic  oxide,  escapes  uncon- 
sumed,  and  that  accounts  for  the  great  loss.  That  loss  happens 
during  the  first  half  minute  or  minute  after  firing,  and  then  ceases. 
That  loss,  together  with  the  loss  due  to  the  great  volatilization  of 
the  extremely  volatile  matter  of  these  Western  coals,  will  account 
probably  for  this  loss,  even  to  the  23  per  cent.  The  high  figures 
of  loss  unaccounted  for  occur  when  the  coals  contain  a  great  quan- 
tity of  very  easily  volatilized  matter  together  with  a  great  deal  of 
moisture. 

Mr.  Hale  speaks  on  page  779  of  the  phenomenon  of  dissocia- 
tion. I  think  there  are  no  experiments  on  boilers  in  which  it  has 
been  shown  that  such  phenomenon  occurs  at  all.  If  it  did  occur 
the  gases  thus  dissociated  would  combine  either  at  the  bridge 
wall  or  beyond,  so  we  would  lose  nothing.  I  think  there  is  do 
evidence  that  such  dissociation  takes  place. 

On  the  last  page  the  author  says  :  "  The  results  show  that 
present  knowledge  enables  the  boiler  efficiency  to  be  predicted 
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reasonably  well,  provided  the  efficiency  of  combustion  and  the  air 
supply  are  accurately  known."  That  is,  we  can  predict  with 
reasonable  certainty  the  efficiency  of  a  boiler  provided  we  know 
things  which  are  impossible  to  be  known.  He  says  further  :  "  The 
rate  of  burning  per  square  foot  of  grate  affects  the  air  supply."  I 
don't  know  where  he  gets  that  idea.  The  rate  of  burning  does 
not  affect  the  air  supply,  although  the  air  supply  does  affect  the 
rate  of  burning.  We  can  burn  a  hundred  pounds  per  hour  and  get 
the  same  percentage  excess  of  air  supply  per  square  foot  of  grate 
that  we  can  with  any  other  rate  of  burning.  The  excess  air  per- 
centage is  simply  a  question  of  the  thickness  of  the  fire  and  the 
mechanical  character  of  the  coal,  as  to  how  it  obstructs  the  fire, 
and  of  the  relation  of  these  factors  to  the  draft.  If  we  put  draft 
enough  on  a  thick  bed  of  fire  you  can  get  a  tremendous  access  of 
air,  or,  with  not  draft  enough,  a  deficiency  of  air. 

Mr.  Hale  says  :  '*  The  most  pressing  need,  therefore,  in  the  study 
of  boiler  efficiency  is  the  further  determination  of  the  factors  that 
govern  the  efficiency  of  combustion  and  the  air  supply."  The 
efficiency  of  combustion  is  secured  by  intimate  mixture  of  hot  air 
with  the  gases  that  proceed  from  the  coal  at  the  proper  time  and 
in  the  proper  place,  surrounded  by  firebrick,  and  that  is  accom- 
plished in  certain  ways  by  the  down  draft  of  the  furnace,  by  cer- 
tain kinds  of  automatic  strokers,  by  certain  kinds  of  furnaces  and 
methods  of  firing,  all  of  which  Mr.  Hale  does  not  go  into.  I  agree 
with  him  entirely  that  a  few  more  accurate  tests,  in  which  all  the 
quantities,  such  as  thickness  of  fires,  gas  analysis,  etc.,  are  ob- 
served, are,  for  the  purpose  of  increasing  our  knowledge  of  boiler 
efficiency,  Avorth  these  hundred  tests  in  which  part  of  those  things 
are  mentioned. 

Colonel  Meier. — There  is  so  much  matter  in  this  paper  which 
has  evidently  been  very  carefully  collected  that  I  would  not  like  to 
attempt  a  criticism  of  the  whole  of  it.  I  can  only  take  up  a  few 
points  which  appeal  to  me  directly.  For  instance,  in  the  general 
comparison  between  the  types  of  boilers  I  note  that  Mr.  Hale 
quotes  40  tests  on  internally  fired  boilers;  33  on  externally  fired 
tube  boilers ;  only  T  on  water-tube  boilers,  and  4  on  Thorneycroft. 
I  think  the  number  of  tests  on  water-tube  boilers  and  on  the 
Thorneycroft,  compared  with  the  total  number,  is  altogether  too 
small  to  draw  such  a  sweeping  conclusion  as  he  does  at  the  end 
of  his  paper,  where  he  states  that  horizontal  tubular  boilers  are 
the  best  for  economy,  and  then  puts  the  Thorneycroft  result  as 
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the  best  of  all.  Now  it  is  easily  seen  that  when  you  have  only 
four  tests  you  may  have  got  the  very  best  tests  of  those  and  you 
may  also  have  the  worst.  In  the  same  way,  when  you  have  only 
seven  tests  of  the  water-tube  boilers  you  may  have  the  worst  or  the 
best.  Especially  in  selecting  tests,  as  Mr.  Hale  has  done,  mainly 
because  they  contained  all  the  data  he  needed  for  his  illustrations, 
I  think  that  conclusion  is  made  on  too  small  a  number  of  results, 
and  I  do  not  think  it  is  fair,  and  it  is  entirely  in  the  face  of  the 
general  tendency  in  this  country.  In  fact,  we  all  know  that  water- 
tube  boilers  have  won  the  field  almost  entirely  now.  And  if  one 
may  be  allowed  to  speak  in  matters  in  which  one  is  particularly 
interested,  I  would  just  call  attention  here  to  the  fact  that  he 
gives  only  two  tests  of  Heine  boilers,  and  those  are  foreign  tests. 
I  will  only  note  one  thing,  that  the  number  of  heat  units  trans- 
mitted per  square  foot  of  heating  surface  is  about  one-half — yes, 
a  little  less  than  one-half — of  our  standard  practice  in  this  coun- 
try ;  that  therefore  it  does  not  justly  represent  the  American  Heine 
type.  Furthermore,  I  know  nothing  of  the  particular  coal.  I 
would  have  to  study  into  that  more  fully  in  order  to  criticise  it ; 
for  the  nature  of  the  coal  is  an  essential  fact  in  the  problem.  But 
I  do  state  very  positively  that  when  we  run  at  so  low  a  rate  of 
transmission  of  heat  per  square  foot  of  heating  surface  as  given 
there,  we  invariably  get  poor  results ;  that  we  need  to  run  about 
double  as  much.  We  have  got  to  do  double  as  much  in  qimntity 
before  we  get  those  results  in  quality  of  which  the  boiler  is  capa- 
ble, and  to  which  it  is  fully  entitled  in  such  a  comparison. 

Mr,  R.  S.  Hale.^ — Mr.  Kent  in  his  discussion  repeats  a  number 
of  the  conclusions  that  I  have  reached,  especially  the  fact,  which 
I  originally  stated  on  page  774,  that  many  of  the  results  must 
only  be  considered  as  indications  to  be  confirmed  or  reversed  by 
future  experiment.  One  or  two  of  his  statements,  however, 
should  be  briefly  replied  to. 

1.  In  regard  to  the  definitions  of  the  three  kinds  of  efficiency, 
Mr.  Kent's  criticism  to  the  eflfect  that  the  radiation  from  the  fur- 
nace should  be  considered  differently  from  the  radiation  from  the 
boiler  walls  is  theoretically  correct,  but  since  even  the  whole  radi- 
ation appears  to  be  such  a  small  proportion  of  the  heat  loss  the 
theoretical  error  is  unimportant. 

2.  In  regard  to  column  11  in  Table  I.,  giving  the  efficiency  of 
combustion,  the  text  of  the  paper  states  that  this  is  in  error  by 

*  Author's  closure,  under  the  Rules. 
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the  amount  of  the  radiation,  but  Mr.  Kent's  suggestion,  if  it  had 
been  adopted,  would  have  made  the  error  even  greater,  since  Mr. 
Kent  would  like  me  to  assume  radiation  at  2  or  3  per  cent., 
whereas,  as  a  matter  of  fact,  the  radiation  expressed  as  a  percent- 
age is  very  variable,  but  is  not  much  over  1  per  cent,  on  an  aver- 
age. Column  11  does  not  assume  that  the  radiation  does  not 
exist,  as  may  be  seen  on  referring  to  the  text. 

3.  The  statement  on  page  775  in  regard  to  the  excess  of  unac- 
counted for  heat  when  the  rate  of  combustion  is  above  35  pounds 
of  coal  per  square  foot  of  grate  is  not  exactly  contradicted  by  Mr. 
Kent,  but  he  offers  a  further  suggestion  for  accounting  for  the 
variation  in  results  above  this  rate  of  combustion  which  appears 
to  be  also  very  probably  correct.  The  essential  point  is  that  this 
particular  figure  is  an  accidental  variation,  and  that  the  unac- 
counted for  heat  decreases  as  the  rate  of  combustion  and  temper- 
ature of  the  fire  increase.  In  his  paragraphs  4,  5,  and  6  Mr.  Kent 
restates  some  of  my  conclusions  in  different  words,  while  para- 
graph 7  merely  gives  in  different  words  what  I  stated  at  the 
bottom  of  page  774.  In  paragraph  8  Mr.  Kent  expresses  a  disbe- 
lief that  hydrocarbon  gases  can  be  given  off  from  the  semi-bitu^ 
minous  coals  in  sufficient  quantity  to  cause  a  loss  of  unaccounted 
for  heat  of  7  per  cent.,  although  -^-^  per  cent,  by  volume  of  some  of 
these  gases  would  be  sufficient  to  account  for  this  loss.  In 
regard  to  Mr.  Kent's  suggestion  that  water  gas  from  the  decom- 
position of  the  moisture  in  the  coal  may  account  for  the  unac- 
counted for  loss,  I  may  point  out  that  the  formation  of  water  gas 
takes  place  when  H2O  in  the  gaseous  condition  is  passed  over  red- 
hot  carbon,  whereas,  even  when  moist  coal  is  fired  on  top  of  the 
bed  of  red-hot  coals,  H2O  in  a  solid  condition  is  merely  placed 
in  contact  with  the  red-hot  carbon.  This  gives  very  slight  oppor- 
tunity for  the  formation  of  water  gas,  since  even  if  the  H2O 
evaporates  it  goes  upwards  through  the  fresh  coal  and  not  down- 
wards through  the  red-hot  coal.  I  may  further  note  that  if  the 
formation  of  water  gas  took  place  in  this  way  there  would  be  very 
much  greater  loss  when  moist  coal  was  used  than  when  dry  coal 
was  used,  yet  as  a  matter  of  fact  there  is  no  evidence  that  wetting 
coal  before  firing  it  reduces  the  efficiency  by  more  than  the  loss 
of  heat  due  to  the  evaporation  of  this  moisture.  Still  further,  I 
may  note  that  the  gas  analysis  with  the  Orsat  apparatus  furnishes 
a  ready  method  for  the  detection  of  CO,  so  that  if  the  unaccounted 
for  loss  was  due  to  water  gas,  then  whenever  this  unaccounted 
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for  loss  was  high  the  amount  of  CO  ])resent  in  the  gas  sliould 
also  be  high,  yet  the  tests  give  not  the  slightest  indication  of  this 
occurring. 

Mr.  Kent's  suggestions  as  to  the  methods  of  firing  best  adapted 
to  avoid  the  unaccounted  for  loss  may  be  very  good,  but  un- 
fortunately are  not  accompanied  b}^  any  evidence. 

In  regard  to  Mr.  Kent's  statement  that  the  air  supply  cannot 
be  regulated  by  hand  firing,  I  can  only  suggest  that  he  do  some 
experimenting  on  this  subject.  In  my  tests  I  Ijave  certainly 
found  it  possible  to  regulate  the  air  supply  to  a  very  great  extent 
by  my  directions  to  the  fireman.  Of  course  it  is  not  possible  to 
keep  the  air  supply  absolutely  constant  with  hand  firing ;  neither 
is  it  possible  to  do  this  with  stokers  or  down-draft  furnaces. 

Mr.  Kent  says  that  there  are  no  boiler  experiments  which  show 
that  dissociation  occurs.  This  is  very  natural,  as  to  perform  such 
an  experiment  in  a  boiler  furnace  would  be  rather  difficult.  Le 
Chatelier's  experiments,  however,  which  may  be  found  reported 
in  the  Zeitschrift  fur  Pkys.  Ghemie  in  1888,  page  784,  show  that 
dissociation  of  CO2  occurs  at  about  1,500  degrees  centigrade,  a 
temperature  which  certainly  occurs  in  a  bed  of  coals.  Berthelot's 
and  Deville's  experiments,  reported  in  the  ComjJtes  liendus^  show 
the  same  thing.  It  is  not  necessary,  however,  to  assume  that 
dissociation  takes  place,  since  undoubtedly  the  radiation  from 
the  beds  of  coals  reduces  their  temperature  at  low  rates  of  com- 
bustion. 

Mr.  Kent  says  that  he  does  not  know  where  I  got  the  idea  that 
the  rate  of  burning  per  square  foot  of  grate  affects  the  air  supply. 
I  can  only  refer  him  to  the  results  given  in  the  paper.  It  is 
undoubtedly  true  that  the  rate  of  combustion  is  not  the  only 
thing  that  affects  the  air  supply.  Probably  it  is  the  relation 
between  the  rate  of  combustion  and  the  square  root  of  the  draft 
pressure,  while  it  is  also  affected  by  the  thickness  of  the  fire  and 
the  mechanical  character  of  the  coal. 

In  reply  to  Colonel  Meier,  I  can  only  agree  with  him  that  the 
number  of  tests  is  too  small  to  draw  any  absolute  conclusions ; 
but,  as  stated  in  the  text,  many  of  the  conclusions  are  only  to  be 
regarded  as  indications  to  be  confirmed  or  reversed  by  future 
experiments.  I  took  all  the  tests  that  I  could  find  in  American 
and  foreign  literature  which  give  the  sufficient  data  ;  and  if  only 
two  of  these  were  on  the  American  Heine  tj'pe  of  boiler,  I  can 
only  regret  that  this  type  has  not  had  more  thorough  tests  in  the 
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way  necessary  for  a  complete  study  of  its  efficiency.  The 
American  Heine  type  has  had  a  fine  commercial  success,  and  I 
wish  that  Colonel  Meier  or  his  associates  would  furnish  tests  and 
data  from  which  it  might  fairly  be  given  its  place  among  other 
boilers  in  regard  to  its  economy. 
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DCCCXX.* 
ELEVATORS. 

BT  CHARLES  R.    PRATT,  MONTCLAIR,  N.  J. 

(Member  of  tlie  Society.) 

There  is  little  to  interest  the  engineer  in  the  early  history 
of  elevators.  Vitruvius  describes  an  elevator  built  by  Archi- 
medes (236  B.C.),  operated  by  man  power  applied  to  a  capstan 
revolving  a  drum  on  wliich  the  hoisting  ropes  were  -wound. 
Very  little  advance  in  the  art  was  made  from  that  time  until 
George  H.  Fox  &  Co.,  of  Boston,  built  a  worm-gear  elevator, 
in  1850.  That  this  vertical  form  of  railwav  did  not  follow 
the  advance  of  horizontal  railways  is  of  course  due  to  lack  of 
demand  for  that  class  of  transportation  during  the  early  appli- 
cation of  steam  power.  Localization  of  commerce  has  filled  its 
great  centres  of  distribution  with  merchants  and  merchandise 
to  an  extent  which  has  added  story  upon  story  to  our  buildings, 
until  primitive  hoisting  apparatus  and  stairways  can  no  longer 
accommodate  this  vertical  traffic. 

Means  for  raising  freight  or  passengers  have  always  been  ade- 
quate to  the  demands  of  the  times,  and  the  elevator  engineer 
has  never  hesitated  for  an  instant  to  furnish  greater  speed, 
travel,  or  lifting  capacity  when  called  upon  to  do  so.  Mechani- 
cal connection  with  line  shafting,  direct-connected  steam  hoisting 
engines,  hydraulic  or  electric  hoisting  machines  operated  by  an 
isolated  plant  or  from  an  outside  source  of  power,  are  all  capable 
of  operating  elevator  cars  at  any  desired  speed  or  load  with  per- 
fect safety  and  comfort. 

There  is,  however,  so  much  elaborate  and  interesting  detail  in 
an  elevator  system,  and  such  a  variety  of  types,  as  to  merit  the 
consideration  of  this  Society,  especially  as  there  is  very  little 
literature — aside,  alas  !  from  a  voluminous  amount  of  vituperous 
and  unprofitable  discussions — upon  this  subject.     Let  me  state 


*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 


ELEVATORS.  805 

at  the  beginning  that  no  treatise  on  elevators  can  be  written  in 
the  space  permitted  in  a  paper  before  this  Society ;  there  are  too 
many  radically  different  types  to  sketch  more  than  briefly  the 
salient  features  of  the  most  important ;  and  the  writer  trusts 
that  these  will  interest  the  Society  to  the  extent  of  bringing  out 
more  complete  papers  upon  individual  types. 

Let  us  consider  first,  briefly,  what  the  requirements  of  an  ele- 
vator are,  and  then  describe  the  different  means  used  to  meet 
t^-iem.     In  order  of  importance  they  are  : 

1.  Safety. 

2.  Eeliability. 

3.  Durability. 

4.  Economy. 

5.  Control. 

6.  Comfort. 

7.  Speed,  load,  and  travel. 

8.  Compactness. 

Safety. 

Let  us  classify  this  by  the  things  which  are  unsafe  for  an  ele- 
vator to  do : 

1.  To  fall  unrefcarded  to  the  bottom  of  the  hoist  way. 

2.  To  be  thrown  by  its  counterbalance  up  against  the  top  of 
the  hoistway. 

3.  To  be  stopped  at  too  great  a  speed  in  its  descent  by  a 
safety  catch  on  the  car  which  will  not  stop  it  gradually  enough 
to  avoid  injury  to  the  passengers,  or  by  a  safety  catch  stopping 
only  one  side  of  a  car  not  built  to  stand  a  diagonal  strain  and 
thereby  collapsing  the  car. 

4.  To  pay  out  hoisting  rope  after  the  car  has  been  stopped  by 
anything  except  its  own  hoisting  machine,  in  its  descent. 

5.  To  let  the  hoisting  machine  continue  to  hoist  after  the  car 
has  met  the  top  of  the  hoistway,  thereby  breaking  some  con- 
nection between  the  hoisting  machine  and  the  car,  and  depend- 
ing upon  the  car  safeties  to  prevent  the  car  from  falling  to  the 
bottom  of  the  hoistway. 

6.  To  let  the  hoisting  machine  run  the  counterweights  into 
the  top  of  the  hoistway  and  possibly  drop  them  on  top  of  the 
car. 

7.  To  lose  control  of  the  hoisting  machine  in  such  a  way  as  to 
alarm  the  passengers  to  the  point  of  jumping  on  or  off  a  mov- 
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ing  car  and  getting  caught  between  car  and  lioistway  door  sills 
and  lintels. 

These  are  some  of  the  unsafe  feati?res  of  some  elevators 
which  have  been  in  general  use  for  the  last  forty  years,  and  can 
be  taken  as  the  typical  conditions  for  which  adequate  safety 
appliances  are  provided  on  all  first-class  elevators.  There  are  two 
general  methods  used  to  prevent  a  car  from  falling  unretarded  to 
the  bottom  of  the  hoistway.  One  is  to  stop  or  retard  the  car 
before  it  attains  undue  speed,  and  the  other  allows  it  to  fall 
unretarded  till  it  reaches  a  certain  distance  from  the  bottom  of 
the  hoistway,  where  it  is  brought  to  a  gradual  and  safe  stop. 
This  latter  is  only  used  in  addition  to  and  never  as  a  substitute 
for  the  first  method. 

A  description  of  all  the  devices  to  stop  or  retard  an  elevator 
car  by  this  first  method  would  nearly  fill  a  year's  Transac- 
tions of  this  Society.  I  will,  therefore,  describe  only  the  typi- 
cal ones  in  general  use. 

The  most  simple  device  is  that  operated  by  the  breaking  of 
the  hoisting  ropes,  which,  unfortunately  for  the  utility  of  this 
device,  is  the  rarest  cause  of  a  car  falling.  When,  however, 
this  does  occur — and  the  break  must  be  near  enough  to  the  car, 
if  the  hoisting  machine  is  located  in  the  lower  part  of  the  build- 
ing, to  prevent  that  part  of  the  rope  between  the  hoisting 
machine  and  the  overhead  sheave  from  keeping  sufficient  ten- 
sion where  it  is  fastened  to  the  car  to  prevent  the  device  from 
working — the  rope  breaking  in  such  a  way  as  to  relieve  it  of  all 
tension  at  the  car,  a  safety  catch  is  thrown  into  action,  gripping 
or  locking  on  some  support  in  the  hoistway. 

This  device  is  sometimes  used  in  addition  to  more  reliable 
means,  but  is  not  considered  as  at  all  necessary  by  the  leading 
elevator  companies.     Its  general  design  is  as  follows  : 

The  hoisting  ropes  are  either  connected  to  the  car  by  a  system 
of  levers,  which  are  operated  by  a  spring  to  throw  the  safety 
catches  when  the  ropes  slack,  or  they  are  connected  to  the  car 
by  levers  or  sheaves,  which  balance  the  tension  of  the  hoisting 
ropes  against  the  tension  of  the  counterweight  ropes,  allowing 
the  counterweight  ropes  to  operate  the  safety. 

This  device  is  a  very  pretty  exhibition  safety.  All  that  you 
have  to  do  is  to  break  the  hoisting-rope  connections  at  the  car, 
and  the  car  is  instantly  locked  to  its  safety  supports.  It  can 
also  be  operated  by  grasping  the  hoisting  ropes  from  a  landing 
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door  above  the  car,  drawing  them  towards  you,  and  letting  them 
snap  back.  This  test  always  satisfies  elevator  inspectors  that 
the  elevator  is  perfectly  safe. 

All  other  means  used  to  prevent  an  elevator  car  from  falling 
unretarded  to  the  bottom  of  the  hoistway  are  operated  by 
acceleration  of  car  speed,  which  is  the  only  reliable  means  of 
operating  an  elevator  safety.  Inertia,  pneumatic  and  hydraulic 
resistance,  and  centrifugal  force  are  thus  used. 


C.R.Pratt 


Fig.  272. 


Inertia  devices  have  only  been  tried  on  very  slow-moving 
cars.  One  in  the  form  of  a  sort  of  floating  pinion  held  in  a  pocket 
on  the  side  of  the  car  and  meshing  in  a  rack  secured  to  the 
hoistway,  is  shown  in  the  accompanying  sketch  (Fig.  272). 

As  the  car  descends  the  pinion  revolves,  as  shown  by  the 
arrow,  and  under  a  slow  speed  remains  in  its  pocket,  but  any 
sudden  acceleration  rolls  it  up  the  incline  of  the  pocket  and 
jams  it  in  the  rack.  Increased  friction  in  the  rack  may  have  as 
much  to  do  as  inertia  in  this  operation,  but  it  certainly  does  its 
work  all  right  on  very  slow-speed  cars. 
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Another  inertia  device  consists  in  heavy  pendulums  attached 
to  the  car  and  oscillated  by  waving  cams  running  up  each  side 
of  the  hoistway.  The  length  of  the  pendulums  and  the  curves 
of  the  cams  being  determined  to  synchronize  with  the  car  speed, 
no  retarding  effect  is  obtained  nntil  the  speed  increases,  and 
then  there  is  trouble.  The  noise  and  vibration  of  a  car  having 
nothing  but  this  device  to  sustain  it  against  the  force  of  gravity 
can  better  be  imaGrined  than  described. 

Pneumatic  resistance  is  used  to  operate  an  elevator  safety 
catch  either  by  a  light  wood  fanboard  suspended  below  the  car 
on  balanced  levers  and  filling  the  hoistway  as  much  as  possible, 
accelerations  of  car  speed  lifting  it  by  pressure  of  the  air  and 
operating  the  safety  catches,  or  else  by  a  pneumatic  piston 
running  dike  a  counterbalance  in  a  closed  box,  the  rope  which 
carries  it  being  connected  to  the  car  by  a  spring  balance, 
causing  it  to  operate  the  safety  catches  when  the  tension  on 
its  ropes  is  increased  by  increased  air  resistance  due  to  accel- 
eration. Neither  of  these  pneumatic  devices  is  considered  to 
be  reliable. 

Hydraulic  resistance  to  prevent  an  elevator  car  from  falling 
unretarded  to  the  bottom  of  the  hoistway  is  applied  simply 
as  a  hydraulic  power  pump  driven  by  the  car.  It  is  usually 
located  over  the  hoistway  and  driven  by  a  rope  from  the  car 
when  the  car  descends,  and  reversed  by  the  counterweight  rope 
when  the  car  ascends,  having  its  circulating  valve  wide  open 
during  the  ascent  of  the  car.  This  device  has  all  the  attributes 
of  perfect  safet}^,  but  adds  materially  to  the  friction  losses  of 
the  elevator  and  to  the  cost  of  installation  and  maintenance. 

We  now  come  to  the  most  popular  device  for  operating  an 
elevator- car  safety — a  centrifugal  governor.  This  is  located 
either  on  the  car,  acting  directly  on  the  safety  catches,  or  over 
the  hoistway,  where  it  operates  the  safety  catches  on  the  car 
by  retarding  the  rope  which  is  fastened  to  the  car  and  drives 
the  governor. 

Having  described  all  methods  in  general  use  for  operating 
the  safety  catches,  we  will  now  consider  tlie  catches  and  their 
merits. 

The  rack  and  pawl  is  only  adapted  to  slow-speed  cars  and 
Avhere  they  are  opera' ed  by  the  breaking  of  the  hoisting  ropes, 
since  they  could  never  stand  the  impact  of  a  car  falling  at  any 
speed  above  100  feet  per  minute. 
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Another  form  of  safety  catch  grips  the  smooth  steel  guide 
rail  Avith  as  little  slip  as  the  rack  and  pawl,  and  is  equally  unfit 
to  be  operated  by  a  centrifugal  governor  or  any  other  device  on 
a  high-speed  car.  It  has,  however,  been  used  to  a  great  extent 
under  such  conditions.  It3  general  design  is  shown  in  the  fol- 
lowing sketch  (Fig.  273),  where  6^  is  a  sharply  corrugated  hard- 
steel  roll,  and  is  shown  gripping  the.  steel  guide  rail  B  by  rolling 
up  the  incline  of  its  pocket  in  the  safety  block  A,  which  is 
attached  to  the  car.  It  nominally  rests  in  the  bottom  of  this 
pocket  clear  of  the  rail  i?,  and  is  lifted  up  into  contact  by  a 
tripping  device. 


Rod  connecting  roll  safety 
to  governor  attachment  on 
top  of  car. 


VIEW  SHOWING  ROLL  IN  POSITION  AFTER 
BEING  TRIPPED  BY  GOVERNOR. 


VIEW  SHOWING  ROLL  IN  NORMAL  POSITION 
C.R.Pratt 

Fig.  273. 


Another  form  of  steel-rail  grip  is  operated  by  the  ropes  lead- 
ing from  the  hoisting  machine,  making  several  turns  around 
drums  between  the  top  crossheads  of  the  car,  and  leading  up 
over  sheaves  and  down  again  to  the  counterweight.  The  drums 
between  the  car  crossheads  are  mounted  on  shafts  which  re- 
volve in  nuts  fastened  to  the  crossheads— a  right-hand  nut  in 
one  crosshead  and  a  left-hand  nut  in  the  other  ;  the  ends  of  the 
crossheads  bearing  on  either  side  of  the  steel  guide  rails  act  as 
braking  clamps  to  check  the  car  speed  in  case  the  ropes  break 
between  the  car  and  the  hoisting  machine,  thereby  allowing  the 
counterweight  to  overhaul  these  ropes,  revolve  the  crosshead 
drums,  and  screw  the  crossheads  together  against  the  rails. 
52 
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The  limitations  of  this  device  are  its  doubtful  gripping  pow- 
ers and  the  limited  functions  of  its  operating  device  ;  it  ccmld 
not  be  operated  bj  a  centrifugal  governor  with  the  rope  connec- 
tions here  described. 

Wood  guide  rails  form  the  easiest  means  of  bringing  an  ele- 
vator car  to  a  safe  and  gradual  stop  when  it  is  descending  too 
rapidly,  and  there  are  many  forms  of  gripping  devices  for  this 
purpose.  The  sharp-toothed  cam  is  all  right,  provided  it  is  not 
designed  to  impinge  the  rail  to  such  a  depth  as  to  stop  the  car 
too  suddenly.  Other  wood-rail  grips  either  cut  deep  shavings 
or  crush  the  rail  as  they  slide.  Wood  rails,  however,  are  be- 
coming less  used  every  year,  as  they  cost  as  much  as  a  steel 
rail  when  they  are  constructed  and  erected  in  a  first-class  man- 
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Lenpth  of  Channel  =  distance  between  Guides  lOH" 


Safety  Jaw-Male 
Pat.  No.  N203- 


Safety  Jaw-Female 
Pat.  No.  NiCH'" 


C.R.Pratt 


Fig.  275. 


ner.  Their  present  use  is  principally  for  cheaper  grades  of 
elevators  and  dumb-waiters. 

The  best  steel-rail  gripping  device  has  vise-like  jaws,  which  are 
supposed  to  slide  far  enough  along  the  rails  to  stop  the  car 
easily.  The  first  form  of  this  device  brought  into  use,  aside  from 
that  which  screws  the  crossheads  together  as  before  described, 
had  jaws  operated  by  toggle  joints,  actuated  by  a  right  and  left- 
hand  threaded  screw  revolved  by  a  rope  controlled  by  a  centrif- 
ugal governor,  as  shown  in  the  accompanying  drawing  'Fig.  274). 

This  device  has  been  modified,  as  shown  in  the  following 
drawing  (Fig.  276;,  to  use  spring  power  to  operate  the  jaws, 
instead  of  operating  them  by  the  governor  rope  direct. 

A  car  safety  of  this  same  general  character,  designed  by  the 
writer  and  built  in  four  sizes,  varying  from  2,500  to  40,000 
pounds  capacity,  has  stood  some  very  satisfactory  tests.  Its 
construction  is  as  follows  : 
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As  shown  on  the  phin,  Fig.  278,  the  car  guide  rails  A  A,  which 
are  steel  tees  accurately  machined  and  highly  polished  by  the 
guide  shoes  of  the  car  and  heavily  lubricated,  are  gripped  on 


I    up 


Fig.  277. 


either  side  by  the  jaws  BB  and  B'B'.  These  jaws  are  held 
on  the  ends  of  levers  CO  and  6" 6^',  which  are  pivoted  between 
jaw  plates  D  and  D  and  guide-shoe  stands  C  and  C  by  eccentric 
pins  ;  the  angular  adjustment  of  these  eccentric  pins  by  means  of 
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a  locking  lever  forms  a  means  of  taking  up  tlie  wear  of  the  jaws 
by  setting  them  nearer  the  rails. 

On  the  other  end  of  eacli  jaw  lever  are  two  rolls,  and  between 
the  rolls  of  each  pair  of  levers  are  wedges  which,  by  forcing  the 
rolls  apart,  force  the  jaws  on  the  rails.  Wedges  EE  are  formed 
on  the  ends  of  rods  FF,  which  are  tapped  into  springhead  F . 
Wedges  G(r  are  bolted  to  eye  on  the  end  of  rod  //,  which  is 
tapped  into  springhead  //',  thus  using  the  helical  spring  J 
under  compression  and  drawing  the  two  pairs  of  wedges  together 
by  its  extension.  We  have  here  a  device  that  applies  a  definite 
pressure  to  the  rails,  is  adjusted  for  any  pressure  required  to 
stop  the  car  easily,  and  insures  exactly  the  same  pressure  on 
each  rail,  relieving  the  car  of  diagonal  strain. 

For  the  benefit  of  any  who  may  entertain  that  ancient  preju- 
dice against  the  durability  of  springs,  I  will  state  that  these 
particular  springs,  after  being  held  closed  for  over  a  year  and 
worked  their  full  working  distance  over  500  times,  lose  3  per 
cent,  of  their  free  length  and  gain  from  15  to  20  per  cent,  in 
their  resistance  to  compression. 

Fig.  279,  the  side  elevation  of  this  safety,  shows  the  action  of 
the  centrifugal  governor  in  releasing  the  spring  and  operating 
the  wedges.  The  weights  KK,  pivoted  on  pins  LL^  are  held 
against  centrifugal  force  by  a  torsional  spring  wound  on  the 
governor  sleeve  and  acting  on  the  weights  through  the  collar  M 
and  links  NN,  which  keep  the  two  weights  at  equal  distance 
from  the  centre  of  the  spindle.  Tripping  speed  adjustment  is 
obtained  by  regulating  the  torsional  resistance  of  this  spring'by 
turning  the  split  clamping  collar  0,  to  which  one  end  of  the 
spring  is  secured. 

In  hoisting,  the  governor  weights  may  hit  the  trigger  P  with- 
out tripping  it,  but  as  centrifugal  force  increases  their  radius  of 
rotation  in  lowering,  until  they  reach  the  trigger,  the  first 
weight  that  touches  it  knocks  it  off  at  the  first  blow.  The 
Pickering  governor  is  very  generally  used  to  trip  elevator 
safeties,  but  the  writer's  experience  with  it  discovered  that  it 
sometimes  tripped  the  safety  when  the  car  was  being  hoisted, 
and  had  a  way  of  gently  tapping  the  trigger  almost  off  as  the  car 
descended,  so  that  it  would  jar  off  at  some  unexpected  moment 
when  it  was  not  Avanted  to  do  so. 

The  governor  shown  in  Fig.  279  is  revolved  by  the  rope  Sy 
which  is  secured  to  the  top  of  the  hoist  way  and  leads  to  the 
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governor  pulley  over  tlie  idle  sheave  1\  and  is  kept  under  proper 
tension  by  a  weight  at  the  lower  end  of  it. 

Means  for  releasing  the  safety  from  inside  of  the  car  is  ob- 
tained by  a  screw  acting  on  the  toggles  U  U  and  U'  U,'  by  means 
of  the  nut  V  and  links  W  W.  This  enables  the  operator  to 
put  his  elevator  in  operation  again  without  delay  if  the  safety 
was  only  sprung  by  undue  speed  of  the  hoisting  machine,  or 
lower  the  car  to  the  next  landing  and  let  the  passengers  out  if 
any  accident  has  happened  to  the  he  isting  apparatus.  So  great 
is  the  confidence  of  the  men  who  install  these  safeties  that  they 
have  been  known  to  run  the  car  from  top  to  bottom  of  a  high 
building,  regulating  its  speed  entirely  by  the  safety  jaws,  with- 
out a  rope  on  the  car. 

This,  however,  is  depending  too  much  on  the  personal  ele- 
ment, as  the  downward  plunge  of  an  elevator  car,  with  nothing 
but  free  air  to  check  it,  is  sufficiently  trying  to  some  men's 
nerves  to  make  them  forget  for  a  few  seconds  what  to  do  with 
that  little  screw  which  is  holding  the  safety  off.  If  they  let  go 
of  it,  its  pitch  is  steep  enough  to  spin  it  out  of  its  nut,  but  the 
natural  instinct  at  such  times  is  to  hang  on  to  everything  rather 
than  let  go  of  anything.  The  writer  does  not  believe  in  making 
it  possible  to  release  the  safety  from  the  inside  of  the  car,  but 
there  are  others  who  insist  upon  it,  and  the  insurance  companies 
do  not  object. 

We  now  come  to  that  form  of  elevator  safety  that  allows  the 
car  to  fall  unretarded  till  it  reaches  a  certain  distance  from  the 
bottom  of  the  hoistway,  where  it  is  brought  to  a  gradual  and 
safe  stop.  But  this,  as  before  stated,  is  used  only  in  addition 
to,  and  never  as  a  substitute  for,  any  of  the  safeties  already 
described. 

There  is  but  one  form  of  this  device  worthy  of  consideration ; 
that  is  the  air  cushion  formed  by  the  lower  part  of  the  hoistway. 
The  value  of  this  device  was  first  discovered  by  Mr.  Albert 
Betteley,  of  the  firm  of  Williams  Adams  &  Co.,  of  Boston,  in 
1857,  when  one  of  his  elevators  in  the  State  Street  Block  in 
Boston  fell  to  the  bottom,  loaded  with  boxes  of  sugar,  and  no 
injury  occurred  to  the  boxes.  As  the  car  had  fallen  from  a  con- 
siderable height  with  nothing  apparent  to  cheek  its  speed,  Mr. 
Betteley  was  led  to  look  for  some  unusual  cause  for  this  suc- 
cessful fall,  and  discovered  it  in  the  comparatively  air-tight  con- 
struction of  the  bottom  of  the  hoistway. 
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Until  recent  years,  before  buildings  exceeded  six  or  eight 
stories  in  height,  these  air  cushions  were  usually  made  by  con- 
structing a  strong  pit  below  the  lower  landing  of  the  car,  about 
ten  feet  deep,  with  a  variable  clearance  around  the  car  platform 
at  the  top  and  as  little  clearance  as  possible  at  the  bottom. 
This  pit  room  below  the  lower  floor  is  not  absolutely  necessary, 
as  the  following  view.  Fig.  280,  of  an  EUithorpe  air  cushion 
shows  : 

This  device  cannot  be  described  as  other  than  the  EUithorpe 
air  cushion,  for,  although  Mr.  EUithorpe  did  not  fundamen- 
tally invent  it,  he  was  the  first  to  drop  voluntarily  into  one,  over 
twenty  years  ago,  and  he  has  been  doing  it  every  year  ever 
since,  and  he  has  so  covered  it  with  detail  patents  of  his  own 
invention  that  it  is  certaiulv  his  own  device,  morallv,  phvsicallv, 
mentally,  and,  we  hope,  to  his  profit  financialh'. 

It  is  highly  probable  that  the  EUithorpe  air  cushion  will  be 
specified  in  the  building  laws  of  all  cities  for  elevators  carrying 
passengers. 

As  a  modern  installation  of  this  device  I  cannot  do  better 
than  to  quote  from  the  Iron  Age  of  August  4,  1898,  and  repro- 
duce the  illustrations  printed  in  that  article  : 

"  Even  with  all  the  experience  and  skill  which  have  been 
devoted  to  the  study  of  elevator  safety  appliances,  with  the  best 
material  and  workmanship,  with  the  most  rigorous  and  con- 
tinuous systems  of  inspection,  and  with  competent  persons  in 
charge,  yet  passenger  elevators  sometimes  fall  and  cause  more 
or  less  serious  accidents.  The  manufacturer  of  elevators  uses 
the  best  and  most  efficient  safety  devices  he  can  obtain  to  con- 
trol the  movement  of  the  car  and  to  surely  arrest  it  if  a  certain 
speed  should  be  exceeded.  The  very  nature  of  his  business 
compels  him  to  do  this,  because  the  result  is  financial  embar- 
rassment to  him  if  his  elevators  drop  occasionally.  This  applies 
with  equal  force  to  owners  of  buildings,  who  would  have  diffi- 
culty in  securing  tenants  if  the  elevator  apparatus  were  sus- 
pected of  being  dangerous.  Many  even  go  beyond  the  purely 
mechanical  device  and  introduce  a  pneumatic  arrangement  as 
a  last  resort — only  to  be  brought  into  action  when  all  else 
fails. 

"  The  air  cushion,  located  at  the  bottom  of  an  elevator  shaft, 
possesses  peculiar  inherent  advantages  which  cannot  be  gain- 
said.   .First  and  most  essential,  it  is  always  ready  instantlv  to 
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lun-roriii  i  s  work  and  to  tlo  it  successfully  under  all  conditions. 
Of  itself  it  cannot  get  out  of  orvler,  since  practically  it  is  only  a 
liole  into  which  something  may  drop  sometime.  Whether  the 
car  droppeil  one  or  twenty  stories  its  movement  wouhl  cease, 
not  suddenly,  but  gradually  and  without  shock.  The  first  cost 
of  the  air  cushion  is  small  and  the  outlay  for  its  maintenance 
7iiL  It  occupies  space  not  otherwiss  valuable.  All  things  con- 
sidered, it  is  difficult  to  understand  why  it  is  not  more  widely 
employed. 

''One  of  the  most  extensive  and  elaborate  applications  of  the 
elevator  air  cushion  is  to  be  found  in  the  Empire  Building,  at 
Broadway  and  Rector  Street,  New  York,  designed  by  Kimball 
&  Thompson,  Manhattan  Life  Building,  New  York.  The  ele- 
vators were  installed  by  Otis  Brothers  &  Co.,  New  York,  and 
the  air  cushions  were  designed  by  F.  T.  Ellithorpe,  136  Liberty 
Street,  New  York. 

"  The  building  is  a  twenty-story  office  building,  recently  com- 
pleted and  provided  with  all  the  most  modern  appliances  and 
conveniences.  There  are  ten  elevators,  of  the  high-speed 
hydraulic  type,  arranged  in  two  groups  of  five  each,  one  group 
being  shown  in  sectional  plan  Fig.  282.  While  nine  of  the  ele- 
vators are  distinctly  for  passenger  service,  one  is  more  powerful 
and  is  capable  of  lifting  safes  weighing  8,000  pounds.  Each 
shaft  is  entirely  independent  from  the  floor  of  the  third  story 
to  the  bottom  and  is  inclosed  by  walls  which  are  not  perforated 
except  by  the  door  openings.  This  forms  the  air  cushion 
proper,  which,  as  indicated  in  Fig.  281,  is  about  50  feet  in  depth. 
The  doors  of  the  main  floor.  Fig.  283,  and  of  the  second  floor  are 
in  two  parts  which  slide  in  recesses  in  the  w^all.  They  are  of 
bronze  and  of  ample  strength  to  resist  the  air  pressure  that 
would  come  upon  them  if  a  car  should  fall.  The  usual  open 
ironwork  is  entirely  absent  on  these  two  floors,  solid  masonry 
replacing  it.  The  cars  have  also  been  strengthened  with  the 
yiew  of  resisting  this  pressure.  By  consulting  Fig.  281  it  will  be 
noticed  that  the  shaft  w^alls  are  battered  for  a  short  distance 
below  the  third-story  floor.  This  provides  a  graduated  air 
escape  and  adapts  the  cushion  to  any  fall  which  the  car  may 
make.  The  car  fits  more  closely  in  the  lower  portion  of  the 
shaft,  the  walls  of  wdiich  are  vertical.  It  has  been  estimated 
that  the  air  cushion  should  be  in  proportion  of  1  to  6  of  the 
travel ;  in  the  present  instance  the   cushion  is  50  feet  and  the 
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travel  287  feet.  In  the  hottoni  of  each  shaft  is  a  suction  valve 
which  opens  inwardly  as  the  car  ascends,  thus  preventing  tlie 
vacuum  which  would  result  from  the  car  leaving  the  cushion. 
There  is  also  an  Ellithovpe  improved  escape  valve,  Fig.  284,  which 
opens  outwardly  into  the  atmosphere.  It  is  so  adjusted  as  to 
sustain  the  weight  of  a  car  under  ordinary  conditions,  but  will, 
in  case  of  accident,  relieve  the  cushion  of  undue  pressure  when 
the  car  falls.  It  has  been  calculated  that  the  pressure  in  the 
air  cushion  if  a  car  should  fall  from  the  top  would  be  3.2  pounds 
to  the  square  inch. 

"  On  July  18  a  car  weighing  2,000  pounds  was  dropped  from 
the  twentieth  story.     The  efficiency  of  the  cushion  was  shown 


Fig.  284. 


by  the  fact  that  the  eggs  and  incandescent  lamps  carried  upon 
the  floor  of  the  car  were  uninjured." 

Any  subsequent  fall  should  be  like  the  first,  as  there  are  no 
joints,  packing,  or  automatic  devices  to  be  relied  upon  to  assure 
the  reliability  of  this  device,  the  car  has  inches  of  clearance  in  its 
dash-pot  action,  the  air  pressure  varies  with  the  velocity  of  the 
car,  and  the  velocity  of  the  car  varies  but  little  with  the  load.  The 
first  or  experimental  drop  in  the  air  cushion  will  be  exactly  like 
every  other  drop  the  car  may  make  into  it,  and  nothing  but  un- 
mitigated vandalism  could  render  it  inoperative. 

From  an  elevator  builder's  point  of  view  I  have  given  too 
much  attention  in  this  paper  to  the  subject  of  elevator-car  safe- 
ties, and  this  is  due  to  the  purely  commercial  consideration  that 
one  safety  is  as  good  as  another  and  no  preference  given  to  the 
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bidder  having  tlio  Ixist  one.  Accidents  are  in  fact  so  rare  in 
proportion  to  the  iiumlier  of  elevators  in  operation  that  there  is 
really  cause  for  this  indifference,  which  has  been  largely  respon- 
sible for  the  general  inefficiency  of  some  of  the  cheaper  forms  of 
safeties. 

A  striking  exhibition  of  this  indifference  is  the  cool  way  in 
which  engineers  of  buildings  tie  up  their  car  safeties  after  they 
have  had  to  release  them  when  tliey  have  been  accidentally 
operated,  and  calmly  let  the  cars  continue  to  run  indefinitely 
without  them. 

Within  the  last  few  years,  however,  a  demand  has  been  cre- 
ated for  a  reliable  safety,  and  this,  as  with  any  other  reasonable 


Fig.  285. 

dema,nd  ever  made  upon  a  mechanical  engineer,  has  been 
promptly  supplied  ;  if  the  demand  had  been  made  before,  it 
would  have  been  as  promptly  and  as  well  supplied  as  it  was 
later.  High  buildings,  greater  speed,  and  more  elaborate  hoist- 
ing apparatus  called  for  a  better  safety,  which  was  made  as  soon 
as  it  was  wanted. 

In  the  beginning  of  this  paper  I  classified  some  of  the  salient 
features  of  elevators,  but  have  only  thus  far  dealt  with  the  one 
subdivision  of  "  Safety,"  which  involves  the  car  alone.  As  the 
balance  deals  entirely  with  the  hoisting  apparatus  and  is  too 
much  involved  to  treat  in  the  same  specific  manner,  I  will  en- 
deavor to  describe  in  order  of  their  evolution  the  various  types 
which  have  been  in  general  use. 
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The  generic  trade  classitications  of  these  types  are  Dium, 
Hydraulic,  and  Screw.  "  Drum  "  implies  all  hoisting  machines 
in  which  the  ropes  or  chains  leading  from  the  car  are  fastened 
to  and  wound  upon  a  drum.  "  Hydraulic  "  includes  cylinders 
having  their  pistons  connected  to  the  car  by  ropes,  or  acting 
direct  on  the  car,  when  they  are  called  plunger  elevators. 
"  Screw  "  is  the  trade  name  for  hoistincj  machines  transmitting: 
motion  to  the  car  by  means  of  a  nut  and  screw. 

Drum  elevators  are  the  earliest,  the  most  universal,  and  the 
most  simple  form  of  elevator  ever  built.  The  drums  were  first 
driven  by  worm  gears,  in  the  first  instance  for  safety  and  smooth 
motion  only,  but  the  low  efficiency  of  the  early  forms  of  worm 
gears  caused  some  makers  to  use  a  spur-gear  drive,  which  is 
more  expensive  if  well  built  and  never  as  safe  or  as  smooth  run- 
ning as  the  worm  gear.  Modern  improvements  in  worm  gearing 
have  raised  its  efficiency  from  30  per  cent,  to  over  80  per  cent. 
in  elevator  gearing,  and,  although  it  can  be  built  for  less  cost 
than  spur  gears  and  is  equally  as  efficient,  there  are  some  con- 
cerns still  making  spur-gear  elevators. 

The  drum  elevator  is  especially  convenient  to  overbalance, 
and  can  be  placed  in  the  top  of  the  hoist  way  with  one  face  of 
the  drum  plumb  over  the  centre  of  the  car,  and  the  other  face 
over  the  counterbalance,  the  car  ropes  fastened  at  one  end  of 
the  drum  grooves  and  the  counterbalance  ropes  at  the  other  end 
of  the  same  grooves,  the  car  ropes  occupying  the  entire  surface 
of  the  drum  when  the  car  is  up,  and  the  counterbalance  ropes 
following  alongside  of  them  occupying  the  entire  drum  surface 
when  the  car  is  down.  The  counterbalance  is  made  to  balance 
the  car  with  its  averas^e  load,  in  which  case  the  elevator  has  no 
gravity  work  to  perform,  and  makes  the  most  economical  type 
of  hoisting  apparatus. 

This  arrangement,  however,  of  placing  the  machine  in  the  top 
of  the  hoistway  is  peculiarly  adapted  to  electric  elevators, 
when  the  power  is  easily  conveyed  by  electric  conductors  to  the 
m3t3r,  and  was  not  always  practicable  with  belt-driven  eleva- 
tors, and  seldom  used  with  steam  hoisting  engines.  Bat  whether 
placed  in  the  top,  bottom,  or  remote  from  the  hoistway,  the 
drum  machine  is  most  always  overbalanced ;  even  if  it  takes  a 
dozen  sheaves  to  do  it,  the  saving  in  gravity  work  compensates 
for  all  friction  and  first  cost  so  incurred. 

There  is  but  one  radical  objection  to  a  drum  elevator,  and 
53 
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tli;it  is  tho  Lick  of  absoliiLO  hk^juis  oi"  st!)p[)iug  its  iioisting  powor 
wluui  tlio  c;ir  or  countcu'b-ilanco  ^ots  to  tlio  top  of  tlie  lioistwjiy. 
There  is  not  one  drain  elevator  -  ajid  by  tliis  I  do  not  include  the 
friction-drive  cab'e-drum  type,  which  is  not  in  general  use,  un- 
fortunately— tliat  is  not  liable  to  run  its  car  or  counterbalance 
into  the  top  of  the  hoistway  and  cause  an  accident.  Automatic 
devices  are  operated  by  both  car  and  hoisting  machine  to  shut 
off  the  power  and  apply  the  brake  at  the  limits  of  the  car's 
travel,  but  they  are  all  adjustable,  removable,  and  breakable, 
and  nothing  but  the  eternal  vigilance  of  the  personal  element 
can  assure  their  proper  action.  This  is  not  the  case  with 
the  hydraulic  or  screw  elevators,  as  the  car  travel  in  both  of 
these  types  is  limited  by  the  travel  of  the  piston  or  the  nut, 
independent  of  shutting  off  the  power.  Neither  is  it  the  case 
with  a  friction  cable  drum  drive,  which  is  simply  a  vertical 
cable  railroad  with  an  elevator  car  on  one  end  of  the  ropes  and 
its  counterbalance  on  the  other,  for  dumb-waiters  only  a  single 
bight  of  the  rope  over  the  driving  sheave  giving  sufficient  fric- 
tion ;  and  for  general  elevator  work,  two  driving  drums  geared 
together,  or  one  driving  and  one  idler  drum  with  shafts  at 
proper  angles  to  each  other  to  get  as  many  driving  turns  as 
may  be  req^^ired.  Gravity  tension  at  each  end  of  the  ropes 
supplies  the  friction  of  the  cable-road  tension  sheave,  and 
buffers  being  provided  for  the  car  and  the  counterbalance,  to  be 
stopped  at  the  bottom  before  either  one  reaches  the  top  of  the 
hoistway,  the  hoisting  effort  is  positively  arrested  by  the  slack- 
ing of  the  ropes  on  the  driving  drums  the  moment  either  car  or 
counterbalance  arrive  at  the  bottom. 

This  same  function  also  prevents  the  paying  out  of  slack 
cable  when  the  car  is  stopped  in  its  descent  by  other  cause  than 
its  hoisting  machine.  In  some  types  of  drum  elevators,  delicate 
or  crude  and  unreliable  devices  are  used  to  stop  the  hoisting 
maciiine  by  the  action  of  the  ropes  when  slacked  by  the  car 
being  so  stopped.  The  writer  has  used  the  action  of  the  car 
safety  on  drum  elevators  electrically  controlled,  to  stop  this 
paying  out  of  slack  cable,  the  safety  being  the  usual  cause  of 
slacking  the  car  ropes,  and  is  the  most  reliable  means  of  operat- 
ing a  slack  cable  device.  Hydraulic  elevators,  and  the  screw 
elevator  invented  by  the  writer,  depend  upon  the  tension  of  the 
hoisting  ropes  to  maintain  their  motion  during  the  descent  of 
the  car,  and  thus  normally  avoid  this  slack-cable  trouble. 
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The  form  of  worm  gearing  to  bo  used  on  tlriim  elevators 
involves  the  following:  contlictin<>"  considerations  : 

Efficient  angle  of  worm  increases  cost  and  diameter  of  worm 
wheel  or  the  cost  and  size  of  electric  motor,  difficulties  of  elec- 
tric control,  and  the  danger  of  running  down  at  too  high  speed. 
Hindley  worm  gears  are  more  durable  and  efficient  than  any  other 
style,  but  they  require  more  elaborate  tools  to  make  them  and 
more  accurate  alignment  to  run  them,  and  their  durability  and 
efficiency  in  actual  practice  do  not  seem  to  exceed  that  of  other 
styles  enough  to  compensate  for  the  extra  trouble  that  they 
involve.  Their  direct  cost  of  manufacture  does  not  exceed  that 
of  other  forms  of  worm  ujears,  and  their  alicrnment  can  be  sue- 
cessfully  accomplished  with  proper  tools,  and  maintained  by 
proper  bearings.  As  they  can  transmit  more  power  than  any 
other  worm  gears  of  equal  size,  their  use  could  properly  be  con- 
fined to  hoisting  machines  requiring  great  capacity  in  a  small 
space. 

The  interlocking  right-  and  left-hanfl  worm  gears,  taking  up 
their  own  thrust,  were  better  than  a  single  worm  and  gear  until 
ball  or  roller  thrust  bearings  were  perfected  as  they  are  to-daj. 
Now,  with  a  roller  thrust  having  less  friction  loss  than  a  worm 
and  gear,  the  efficiency  of  this  double-worm  gearing  cannot  be 
as  great  as  a  single-worm  gear  with  roller  thrust,  provided  the 
single-worm  gear  is  not  overloaded. 

The  writer  was  the  first  to  design  and  use  right-  and  left-hand 
Hindley  worm  gears,  interlocked  by  spur  gears  bolted  to  them, 
as  the  Hindley  gear  teeth  are  straight  like  the  thread  of  the 
worm,  their  only  curve  being  to  conform  to  the  helical  surface 
of  the  worm,  and  therefore  cannot  mesh  together.  All  other 
forms  of  double-worm  gearing  mesh  the  worm  gears  together  ; 
their  angularity  being  reversed  as  the  worms  coincide  where 
they  mesh  together  like  spiral  gears,  some  using  unfinished 
cast  teeth  and  others  regular  involute  teeth  cut  straight  across 
at  the  proper  angle,  with  faces  wide  enough  to  admit  a  small- 
diameter  hob  cuttinfjj  a  surface  for  the  worm  in  the  centre  of 
the  faces  and  leaving  enough  for  spur-gear  drive  at  the  ends. 

To  make  a  perfect  job,  these  teeth  should  first  be  cut  by  a 
spiral  gear  cutter,  but  I  do  not  know  of  any  so  made,  and,  like 
the  Hindley  gear,  it  might  be  an  nltra-refinement  for  commercial 
use.  However,  as  in  all  other  problems  in  mechanics,  we  know 
what  is  best  long  before  we  obtain  it. 
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The  double  Hiudley  gejirod  elevators  referred  to  are  clearly 
shown  ill  the  following  drawings,  Figs.  28G  and  287. 

They  certainly  appeal  to  mechanical  engineers,  and  siicli 
plants  as  the  Siegel-Cooper  store  in  New  York  City  and  the 
Central  London  Railway  in  London  have  selected  this  type  on 
account  of  its  superior  durability  ;  the  last-named  plant  using 
49  of  these  elevators,  operating  cars  having  floor  areas  of  from 
117  to  256  square  feet  each,  averaging  13  tons  total  load  on  the 
ropes  for  each  car. 

As  before  stated,  there  are  some  objections  to  an  efficient 
angle  of  worm,  some  of  them  being  due  to  commercial  limita- 
tions of  electric  motors.  We  may  as  well  recognize  the  fact  that 
for  the  future  no  other  form  of  power  need  be  considered  for 
this  type  of  elevator ;  probably  90  per  cent,  of  them  are  now 
being  built  electric. 

The  conditions  limiting  the  angle  of  the  worm  are  the  diam- 
eter of  the  gear,  the  speed  of  the  motor,  and  the  ability  of  coi]- 
trolling  the  speed  of  a  car  that  can  easily  drive  the  Avorm  gear. 

The  diameter  of  the  gear  is  limited  by  the  diameter  of  the 
drum,  and  the  diameter  of  the  drum  is  limited  by  the  range  of 
work  intended  for  the  particular  machine,  which  in  general 
practice  does  not  exceed  36  inches  for  the  smallest  drums  used 
for  the  heaviest  loads  that  the  machine  has  power  to  handle ; 
the  lighter  loads  requiring  higher  speeds  are  operated  by 
drums  of  larger  diameter.  Another  important  limitation  to  the 
diameter  of  the  gear  is  the  cost  of  the  gear  itself  and  of  all 
parts  of  the  machine  that  would  be  increased  in  proportion. 
Such  a  gear  would  in  turn  limit  the  variation  of  drum  diame- 
ters, as  drums  smaller  than  the  gear  require  extra  idler  sheaves 
to  lead  the  ropes  up  between  car  and  hoistway  when  the  ma- 
chine abuts  against  the  hoistway  wall. 

The  gear  for  the  average  drum  elevator  is  therefore  practi- 
cally limited  to  a  diameter  that  will,  with  its  gear  ciase,  not 
extend  beyond  the  flanges  of  a  36-incli  drum  ;  such  gears 
are  about  30  inches  in  diameter.  Having  determined  this, 
we  can  now  consider  what  angle  of  worm  can  be  obtained  at  the 
required  car  speeds  and  limitation  of  motor  speeds.  The  duty 
on  drum  elevators  ranges  from  2,000  pounds  at  300  feet  per 
minute  to  6,000  pounds  at  100  feet  per  minute,  varied  by  drums 
from  36  to  60  inches  diameter,  and  motor  speeds  from  470 
revolutions  per  minute   to  1,000  revolutions  per  minute.     This 
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of  course,  covers  differences  iu  worm-gear  reduction  arbitrarily 
determined  by  the  designer. 

Assuming  470  revolutions  per  minute  as  the  lowest  motor 
speed  consistent  with  the  cost  of  a  motor  oi  the  required  horse- 
power, the  cost  being  in  inverse  ratio  to  its  speed,  we  get  a 
reduction  of  46  to  1  to  obtiin  100  feet  per  minute  on  a  36-inch 
drum,  21:  to  1  for  800  feet  per  minute  on  a  60-inch  drum  ;  and  a 
reduction  which  the  writer  has  found  to  be  very  successful  is 
29.5  to  1  for  200  feet  per  minute  on  a  48-inch  drum.  This  latter  is 
that  shown  in  the  Hindley  gears  in  Figs.  281  and  282,  and  has  an 
angle  of  12  degrees,  using  a  double-threaded  worm  and  59  teeth 
in  the  gear.  Seventy  per  cent,  efficiency  has  been  obtained 
with  this  gear  from  current  delivered  to  motor  to  work  done  at 
car,  giving  the  gear  over  80  per  cent,  efficiency.  One  elevator 
with  this  gear  is  being  run  as  what  we  call  a  gravity  machine ; 
i.e.,  the  car  is  under-bala,nced  and  drives  the  motor  connected 
up  as  a  dynamo  in  its  descent,  starting  promptly  as  soon  as  the 
brake  is  released.  While  it  has  been  considered  dangerous  by 
most  elevator  builders  to  use  a  gear  that  the  car  can  drive,  the 
writer  has  no  reason  to  doubt  the  safety  of  this  hoisting  ma- 
chine, which  has  a  brake  of  ample  capacity,  applied  by  a  spring 
and  released  by  a  magnet,  which  lets  go  and  applies  the  brake 
whenever  the  electric  current  is  broken,  either  by  an  overload 
or  b}^  a  switch  operated  by  a  centrifugal  governor  when  the 
speed  exceeds  that  which  it  is  regulated  for. 

While  this  particular  instance  obtains  an  efficient  angle  of 
worm,  the  same  conditions  do  not  always  exist  in  drum  eleva- 
tors. In  the  first  place  this  high  efficiency  is  in  part  due  to  the 
Hindley  gear;  and,  secondly,  the  low  motor  speed  is  commer- 
cially due  to  the  horse-power  of  the  motor,  which  is  the 
greatest  that  is  used  on  drum  elevators,  speeds  of  800  revolu- 
tions per  minute  being  more  often  used  than  470  revolutions  per 
minute ;  for  these  car  speeds  and  gear  diameter  reduce  this 
angle  considerably,  but  not  in  the  same  ratio  as  the  revolutions 
per  minute  reduction,  because  with  the  reduction  of  load  on  the 
worm  its  diameter  can  be  reduced  and  a  greater  angle  main- 
tained, usually  between  8  and  9  degrees,  and  an  efficiency  of 
about  70  per  cent. 

Recent  data  on  worm  gearing  indicate  45  degrees  as  the 
angle  of  maximum  efficiency,  and  a  curve  plotted  from  the  data 
obtained  rises  abruptly  to  about  15  degrees  and  then  flattens 
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out  to  45  degrees,  which  gives  these  elevator  gears  a  h)w 
rating. 

The  angles  here  given  of  8  and  9  degrees  are  those  generally 
used  in  the  best  elevators  on  the  market ;  there  are  many  others 
in  use  where  the  angles  are  less  than  6  degrees,  and  the  total 
output  of  such  elevators  is  not  over  30  per  cent,  of  the  current 
used. 

Chronologically  the  hydraulic  elevator  follows  the  drum  type, 
but  antedates  by  many  years  the  electric  drum  elevator. 

The  simplest  form  of  hydraulic  elevator  is  that  called  the 
plunger  type,  which  consists  of  a  ram  working  in  a  vertical 
cylinder  with  stuffing  box  at  the  upper  end.  While  this  has 
been  exploited  for  high  rises  in  a  telescopic  form,  its  practical 
use  is  for  sidewalk  elevators,  or  elevators  where  the  car  is  only 
a  platform  rising  to  a  floor  which  permits  of  no  continuation  of 
the  guide  rails  or  car  frame,  in  which  case  the  stability  of  the 
ram  holds  the  car  platform  level  under  unbalanced  loading.  Such 
elevators  seldom  rising  over  30  feet,  no  telescopic  arrangement 
is  necessary,  and  the  cylinder  can  be  bored  its  full  length  into 
the  ground  to  allow  the  platform  to  descend  to  the  lower  floor. 

There  is  but  one  other  class  of  hydraulic  elevator,  aside  from 
those  which  were  unsuccessful  experiments,  or  which  are  now 
being  experimented  with,  and  this  is  built  with  either  a  vertical 
or  horizontal  cylinder  as  is  best  suited  to  the  building;  the 
vertical  cylinder,  being  the  better  type,  is  always  used  where  it 
can  be  installed.  The  following  views.  Figs.  288  and  289,  illus- 
trate the  construction  of  this  elevator  very  clearly. 

The  motion  of  the  piston  is  controlled  by  the  exhaust  port, 
the  pressure  being  always  on  top  of  the  piston ;  raising  the 
piston  valve  opens  the  exhaust  and  leaves  pressure  on  the  top 
of  the  piston  only  ;  lowering  the  valve  admits  pressure  on  both 
sides  of  piston,  and  the  load  raising  it  circulates  the  water  from 
top  to  bottom  of  cylinder  through  pressure  and  exhaust  ports. 
The  piston  valve,  as  here  shown,  closes  the  exhaust  port  from 
both  pressure  and  discharge  connections,  holding  the  piston 
between  a  closed  port  on  one  side  and  the  pressure  on  the 
other.  The  main  piston  partly  cuts  off  the  ports  at  each  end  of 
the  cylinder,  to  check  its  speed  before  striking  the  cylinder 
heads  in  case  the  piston  valve  should  fail  to  work.  This  piston 
valve  is  controlled  from  the  car  either  by  a  shipper  rope  direct; 
a  shipper  rope  connected  to  a  pilot  valve,  which  in  turn  operates 
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the  piston  valve  ;  or  a  travelling  shipper  rope,  operated  by  a  lever 
in  the  car,  as  shown  in  Fig.  288,  is  connected  to  a  pilot  valve 
operating  the  main  piston  valve.  To  stop  the  car  at  the  limits 
of  its  travel  a  shipper  device  attached  to  some  part,  moving 
with  the  main  piston,  closes  the  piston  valve  at  the  proper 
point  of  the  car  travel. 

The  object  of  maintaining  a  circulation  of  water  from  top  to 
bottom  of  piston  through  the  pressure  pipe  and  valves  is  to 
balance  the  atmospheric  head  of  water  and  leave  the  effective 
pressure  on  the  piston  the  same  during  all  parts  of  its  travel, 
which  can  be  done  up  to  30  feet  piston  travel. 

This  is  not  needed  in  horizontal  cylinders,  and  they  therefore 
have  water  on  one  side  of  piston  only,  using  the  same  port  for 
pressure  and  discharge,  and  a  drip  pipe  on  the  other  side  of 
the  piston. 

There  are  two  general  types  of  these  horizontal  cylinders, 
one  having  tension  and  the  other  compression  piston  rods. 
The  tension  rods,  being  on  the  water  side,  require  stuffing  boxes, 
while  the  compression  rods,  usually  in  the  form  of  one  or  two 
large  wrought-irou  pipes,  are  on  the  open  end  of  the  cylinder 
and  require  no  packing, 

These  cylinders  are  usually  of  large  diameter,  shorter  and 
higher  geared  than  the  vertical  type.  By  higher  gear  I  mean 
a  larger  number  of  multiplying  sheaves,  which  in  horizontal 
machines  usually  multiply  the  piston  travel  by  10,  giving  10 
feet  car  travel  for  every  foot  of  piston  travel. 

The  advantage  of  the  vertical  cylinder  over  the  horizontal  is 
in  the  counterbalancing  effect  of  the  piston  and  parts  moving 
with  it  upon  the  car,  which,  being  carried  on  a  solid  column  of 
water,  do  not  tend  to  teeter  the  car  as  a  free  counterbalance 
does  when  the  car  is  stopped  in  its  ascent  and  tlie  momentum 
of  the  free  counterbalance  raises  the  car  after  the  hoisting 
power  has  been  cut  off.  Such  counterbalances  easily  raise  a 
car,  having  a  speed  of  500  feet  per  minute,  6  feet  beyond  the 
point  when  the  hoisting  power  cuts  off,  and  of  course  let  the 
car  fall  back  that  distance  and  teeter  (to  use  an  elevator  term) 
several  feet  up  and  down  before  coming  to  rest.  This  is  only 
avoided  by  fine  valve  adjustment  and  taking  plenty  of  distance 
to  stop  in. 

Another  cause  of  teeter  is  the  w^liip  of  the  ropes  on  horizontal 
machines,  which  is  not  common  to  the  vertical ;  this  is  greater 
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in  the  compression  than  in  tli(3  tension  piston  rods,  as  the  ropes 
on  the  former  pass  around  the  cylinder  from  the  multiplying 
sheaves  anchored  at  the  water  end  to  the  travelling  sheaves  at 
the  other  end,  or  nearly  double  the  distance  of  the  tension 
piston-rod  type,  where  the  travelling  sheaves  meet  the  anchored 
sheaves  at  one  end  of  their  travel. 

We  must  j^ass  over  valve  design  and  construction  as  matter 
involving  too  much  detail  for  the  scope  of  this  paper :  enough 
to  say  that  no  branch  of  hydraulic  machinery  has  developed  the 
variety  of  ingenious  devices  employed  in  controlling  hydraulic 
elevators,  and  by  no  other  means  can  an  elevator  car  be  better 
handled. 

To  avoid  transmitting  pump  pulsations  to  the  car,  and  also  for 
storing  power  to  use  after  the  pump  is  stopped,  gravity  tanks, 
pressure  tanks,  gravity-pressure  tanks,  and  accumulators  are 
used. 

The  gravity  tanks  which  used  to  decorate  the  roofs  of  build- 
ings are  seldom  used  now ;  the  pressure  tank  in  the  engine 
room,  as  shown  in  Fig.  290,  came  next,  accumulating  air  pressure 
over  the  water  line  for  any  amount  required,  air  being  mixed 
with  the  supply  by  a  valve  to  maintain  the  proper  water  level. 
Placing  this  tank  on  the  roof  as  a  gravity-pressure  tank  per- 
mitted the  air  from  the  cylinder  to  escape  more  readily  and  gave 
greater  storage  of  power  by  using  gravity  pressure  for  light  loads 
as  the  air  pressure  reduced. 

Accumulators  are  chiefly  used  with  high-pressure  plants,  but 
pressures  over  250  pounds  per  square  inch  are  not  often  used. 

For  pumping  water  into  these  tanks  all  kinds  of  pumps  are 
used,  electric  or  gas  engine  power  pumps,  single-cylinder, 
duplex,  compound- duplex,  and  high-duty  pumping  engines, 
according  to  the  size  and  character  of  the  plant ;  compound  and 
high-duty  pumps  being  economical  only  where  enough  elevators 
are  running  to  give  the  pumps  a  steady  load. 

The  following  reproduction.  Fig.  291,  of  a  photograph  taken  at 
the  AYhittier  Machine  Company's  shop  in  Boston,  shows  an 
electric  elevator  invented  and  built  by  the  writer  in  1888  and 
1889,  and,  so  far  as  the  writer  or  those  associated  with  him  at 
the  time  knew,  the  first  electric  elevator  ever  built. 

I  had  simply  taken  hydraulic-elevator  sheaves,  mounted 
them  in  a  suitable  fr  ime,  and  pulled  them  with  a  nut  and  screw 
instead  of  by  their  usual  hydraulic  cylinder  and  piston.     The 
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screw  was  driven  through  a  double  spur-gear  reduction  by  the 
Thomson-Houston  electric  motor  seen  in  the  right  of  the 
photograph.     The  screw  had  two  threads  of  one-half  inch  square 


Fig.  290. 

section,  2-inch  pitch,  and  4-inch  outside  diameter ;  it  car- 
ried a  bronze  nut  covering  twelve  threads.  I  was  told  by  both 
Thomson-Houston  and  Sprague  electric  engineers  in  Boston 
that  it  would  never  be  safe  to  start  an  elevator  car  coupled  direct 
to  an  electric  motor,  so  I  built  a  centrifugal  clutch  and  brake 
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permitting  the  armature  to  revolve  freely  till  it  attaiDed  a  speed 
of  200  revolutions  per  minute,  and  then  engage  the  load  and 
release  the  brake  at  the  same  moment  bv  friction  drivint;  clutch 
and  brakeshoe  ;  this  it  did,  the  first  and  every  other  time,  mak- 
ing a  very  easy  start  and  stop,  but  was  about  as  necessary  an 
attachment  to  an  electric  motor  as  a  safety  valve  would  have 
been.  The  motor  was  controlled  by  a  street-car  rheostat  on  the 
car,  carrying  the  line  current. 

My  nest  discovery  was  a  ball-bearing  nut  built  by  Mr.  C.  A. 
Lieb,  and  exhibited  by  him  as  a  curiosity  of  no  practical 
value.  I  did  not  agree  with  liim  as  to  its  practical  value,  and 
arranged  to  use  it  on  my  next  elevator,  redesigned  to  overcome 
the  difficulties  experienced  by  Mr.  Lieb. 

This  elevator,  called  the  Sprague-Pratt  electric  elevator,  was 
not  put  in  actual  use  until  September,  1891,  when  it  was  located 
on  the  fourth  door  at  Xo.  135  AVest  23d  Street,  Xew  York  City, 
as  shown  in  Fig.  292.  and  connected  to  the  only  passenger  car 
in  the  building  by  a  separate  set  of  ropes,  to  enable  us  to 
changre  back  to  the  old  steam  hoistwav  machine  to  run  the  car 
by  that  when  we  wished  to  lay  ours  off  for  alterations  or  repairs. 

On  May  19,  1892,  at  6  A.3I.,  a  fire  in  the  floor  underneath  this 
elevator  burned  the  flooring  fi'om  under  it,  dropped  the  plaster 
from  above  it,  turned  the  fire  hose  upon  it,  and  left  it  resting 
on  charred  timbers,  covered  with  mortar  and  rust.  At  8  p.m.  on 
the  same  day  it  was  in  operation  again,  carrying  passengers  the 
same  as  if  nothing  had  happened  to  it. 

It  was  not  absolutely  fireproof ;  the  next  fire  in  this  building 
finished  its  career,  but  by  that  time  we  had  its  successor  in 
operation  in  the  Grand  Hotel,  Broadway,  Xew  York. 

The  following  views — Figs.  293  and  294 — show  the  general 
design  of  this  elevator.  In  Fig.  293  the  ball-bearing  nut  in  sec- 
tion is  shown  seated  in  the  crosshead  and  having  its  centre 
supported  bv  the  crosshead  guide  shoe,  the  motion  of  the  screw 
being  transmitted  throusfh  the  balls  to  the  nut,  and  from  the  nut 
to  the  crosshead,  which  carries  the  travelling  sheaves. 

Fig.  294  shows  the  single-deck  horizontal  type,  and  Fig.  295 
the  double-deck  horizontal  type  ;  a  triple  deck  type  is  also  built. 
The  multiple-deck  types  are  merely  building  independent  ma- 
chines one  on  the  top  of  the  other  to  save  floor  space.  Referring 
to  Fig.  294.  the  car  ropes  are  seen  leading  down  to  the  sheaves, 
which  are  carried  on  trunnions  at  left-hand  end  of  the  machine, 
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from  there  around  the  travelling  sheaves,  etc.,  until  the  desired 
multiplication  is  obtained,  when  they  are  anchored  to  an  evener 
bar  over  the  fixed  sheaves.  The  usual  multiplication  is  8  to  1 
on  the  machine  and  2  to  1  on  the  counterbalance  for  high  rise 
and  high-speed  cars.  Four,  five,  or  six  |-inch  ropes  lead  from 
the  car  over  the  overhead  sheaves,  down  around  a  sheave  on  the 
counterbalance,  up  to  and  anchored  at  the  top  of  the  building 
four  |-inch  ropes  lead  from  the  bottom  of  the  counterbalance 
to  the  machine,  two  of  them  passing  around  eight  multiplying 

MULTIPLE     SHEAVE     TYPE 

HDISTIN&  NUT. 
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PATENTED: 

DEC.1D-1B89  APR. 14. 1891 
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Fig.  293. 

sheaves  on  one  side  of  the  machine,  and  two  on  the  other  side, 
making  the  travel  of  the  car  sixteen  times  that  of  the  nut,  and 
the  load  on  the  nut  sixteen  times  the  unbalanced  weight  of  the 
car  plus  its  load,  which  sometimes  amounts  to  80,000  pounds. 

Figs.  296  and  297  show  photographs  of  machines  made  in 
accordance  with  the  drawings  Figs.  294  and  295. 

Eeferring  to  Fig.  293,  it  will  be  noticed  that  there  are  two  nuts 
connected  together  by  a  splined  sleeve,  allowing  them  to  be 
forced  apart  by  a  coiled  spring  shown  between  the  sleeve  and 
ball  nut.  Between  the  conical  end  of  the  safety  nut  and  the 
crosshead  is  a  conical  bronze  bushing,  and  the  end  of  the  safety 
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nut  is  shown  in  contact  with  a  shoulder  on  the  screw.  This 
forms  the  up2)er  limit  of  the  nut's  travel,  at  which  point  the  car 
is  about  three  feet  above  the  top  floor,  and  should,  if  the  hoist 
way  is  properly  designed  for  a  high-speed  car,  be  three  feet 
below  the  overhead  work.  If  the  motor  continues  to  revolve  the 
screw  after  the  safety  nut  meets  this  shoulder,  on  account  of 
both  operator  and  upper-limit  switch  failing  to  stop  it,  the  nut 
simply  revolves  with  the  screw  and  turns  upon  its  conical 
bronze  seat  in  the  crosshead ;  the  friction  at  this  point  being 
always  greater  than  between  the  nut,  balls,  and  screw,  holds  the 


Fig.  296. 


nut  from  turning  while  hoisting  and  lowering.  At  the  left-hand 
end  of  the  screw,  as  shown  in  Figs.  294  and  295,  is  a  rubber  buffer 
to  stop  the  travel  of  the  nut  gradually  should  the  lower-limit 
switch  fail  to  stop  it.  These  limit  switches  show^i  on  the  guide 
beam  are  operated  by  rolls  on  the  crosshead  frame  engaging  a 
bell-crank  lever  on  the  upper-limit  switch,  as  shown  on  the  lower 
deck  of  Fig.  295,  and  a  cam  keyed  to  the  shaft  of  the  lower  limit 
switch  and  located  on  the  opposite  side  of  the  guide  beam  from 
the  switch. 

Following  the  screw  along  to  the  right,  we  next  observe  a 
centrifugal  governor  belted  to  it ;  this  operates  a  switch  to  open 
the  brake  circuit  and  apply  the  brake  if  the  electric  speed  con- 
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troller  fails.  As  now  built,  this  belt  runs  on  the  keyed  taper 
coupling  joining  the  screw  to  the  armature  shaft.  At  the  time 
this  cut  was  made  the  screw  bar  extended  in  one  solid  shaft 
through  the  armature  to  the  brake  pulley  at  the  extreme  right 
of  the  machine,  but  this  made  them  too  long  to  handle  and  too 
costly  to  make  and  renew. 

The  thrust  of  the  screw  is  located  on  the  right-hand  face  of 
the  motor  bed,  placing  the  screw  load  under  tension.  The 
design  of  this  thrust  bearing  is  show^n  in  Fig.  298,  a  photograph 
of  the  caged  rolls  which  bear  between  two  hardened  steel  plates 
1  inch  thick  by  11  inches  in  diameter.  It  is  interesting  to  note 
liere  that  having  gradually  raised  the  gear  of  these  elevators  as 
our  contracts  called  for  higher  rises  and  speeds,  without  en- 
larging the  area  of  the  nut  or  thrust  to  provide  for  double  the 
load  they  were  intended  to  carry,  we  had  trouble  getting  a 
thrust  within  the  dimensions  that  existing  machines  limited  us 
to,  that  would  stand  these  occasional  loads  of  80,000  pounds  at 
300  revolutions  per  minute,  and  average  loads  of  between  20,000 
and  30,000  pounds.  We  tried  every  arrangement  of  ball  thrust 
with  balls  from  g-incli  to  1-inch  diameter  that  was  ever  heard 
of,  also  every  form  of  cone-roller  thrust.  Cone-roller  thrusts 
would  usually  melt  and  w^eld  in  a  few  hours  at  the  thrust  of  the 
cones,  even  when  each  cone  had  a  ball-bearing  thrust,  and  ball 
thrusts  would  wear  out  plates  and  balls  in  a  few  weeks.  This 
state  of  things  was  getting  pretty  expensive,  when  in  testing 
some  soft  balls  in  a  thrust  bearing  made  for  that  purpose  I 
observed  them  form  a  straight  rim  and  revolve  on  it  with  no 
tendency  to  form  a  crown.  I  took  the  hint  and  made  a  cage  of 
180  rolls  A-incli  diameter  by  yVj-iiich  face  by  5:-inch  thick,  cor- 
ners rounded  yV-inch,  as  shown  in  Fig.  298.  This  was  placed  in 
our  greatest  thrust-destroying  elevator  nearly  two  years  ago  ;  it 
lias  shown  no  measurable  wear  as  yet  and  has  acquired  a  most 
remarkable  polish.  Other  thrusts  of  this  design  have  failed  on 
account  of  the  plates  not  being  perfectly  hard,  or  defects  in  the 
rolls,  but  these  are  the  exceptions. 

The  motor  is  a  four-pole,  rectangular  steel-casting  field, 
series  wound,  with  just  enough  shunt  to  excite  its  dynamo 
action  when  driven  by  the  descending  car. 

The  brake,  as  shown  at  the  right  of  the  side  elevation  and 
adjacent  end  view,  is  a  steel  band  lined  with  wood  blocks,  an- 
chored at  the  bottom  and  gripping  three-fourths  of  the  pulley. 
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The  tension  is  applied  bj  a  helical  s})i'ing  and  released  by  a 
magnet,  j'^j-incli  movement  sufficing  to  clear  the  20-inch  diame- 
ter pulley. 

Looking  at  the  pulley  end,  tlie  screw  revolves  from  left  to 
right  in  lowering  the  car,  thus  getting  the  cumulative  friction 
tension  of  the  band  to  hold  the  load. 

The  multiplying  sheaves  running  on  roller  bearings  places 
the  entire  transmission  of  power  in  this  elevator  on  i  oiling  fric- 
tion, and  attains  the  remarkable  efficiency,  for  a  machine  of  this 
character,  of  70  per  cent,  from  current  delivered  to  motor  to 
work  done  at  car,  giving  the  mechanical  efficiency  over  80  per 
cent.     This  is  in  hoisting.     In  lowering,  the  car  load  on  the  ball 
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nut  revolves  the  screw,  starting  it  instantly  the  brake  is  re- 
leased, and  drives  the  motor  connected  up  as  a  dynamo,  gene- 
rating 50  per  cent,  of  the  energy  of  the  descending  load  iu 
current  at  the  dynamo's  terminals.  This  current,  being  a  poten- 
tial varying  from  zero  to  maximum,  has  not  been  utilized  as  yet. 

Having  a  rheostat  in  which  tlie  highest  resistance  will  just 
move  the  car  without  overheating  while  hoisting,  and  hold  the 
motor  on  its  dynamo  circuit  in  lowering  to  a  scarcely  percepti- 
ble speed  by  very  low  resistance,  all  ranges  of  car  speed  are 
obtained. 

As  stated  in  the  early  part  of  this  paper,  this  elevator,  as  well 
as  the  hydraulic,  depends  upon  the  tension  of  the  hoisting  ropes 
to  maintain  its  motion  in  lowering,  and  requires  no  automatic 
slack-cable  device  to  stop  the  paying  out  of  slack  cable  when 
the  car  is  stopped  in  its  descent  by  anything  but  the  hoisting 
machine.     In  the  hydraulic,  the  rope  tension   on   the   piston  is 
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the  only  power  by  wliicli  it  can  circulate  water  in  tlie  vertical 
or  discharge  it  in  the  horizontal  cylinder.  In  this  elevator,  the 
rope  tension  on  the  nut  is  the  only  power  by  which  it  drives  the 
screw  in  lowering,  but  the  momentum  of  the  armature  continues 
to  revolve  the  screw  after  the  nut  pressure  is  released,  and  if 
the  nut  was  fastened  to  the  crosshead  it  would  be  carried  to  the 
end  of  its  travel  and  slack  all  the  rope  on  the  machine ;  even  if 
not  fastened  to  the  crosshead,  its  inertia  would  carry  it  a  long 
distance  on  the  screw  before  it  turned  with  it.  To  compensate 
for  the  momentum  of  the  armature  and  inertia  of  the  nut,  the 
nut  is  not  only  free  to  turn  with  the  screw  when  the  crosshead 
pressure  is  released,  but  the  spring  shown  in  Fig.  293  jams  the 
safety  nut  back  against  the  screw's  thread  and,  forcing  the  nut 
to  turn  with  the  screw,  prevents  any  slack  cable. 

Another  function  of  this  safety  nut  is  to  hold  the  load  in  case 
the  ball  nut's  threads  should  wear  out  and  strip,  or  rather  to 
prevent  this  by  being  so  placed  in  relation  to  the  screw's  thread 
that,  while  normally  making  no  contact  with  the  screw,  it  ap- 
proaches the  screw's  thread  as  the  ball  nut's  thread  wears, 
and  before  it  has  worn  to  the  point  of  stripping,  the  load  is 
carried  on  the  safety  nut,  which  having  too  much  friction  to 
drive  the  screw  and  lower  the  car,  the  elevator  is  simply  put  out 
of  operation  till  a  new  nut  is  furnished. 

A  vertical  type  of  this  elevator  has  been  installed  in  the  Park 
Eow  Building,  New  York  City,  where  there  are  five  elevators 
rising  twenty-five  stories,  297  feet,  and  five  rising  twenty-six 
stories,  309  feet,  operated  by  these  machines. 

While  the  functions  of  this  type  are  identically  the  same  as 
the  horizontal,  the  design  of  it,  with  the  exception  of  the  nut, 
screw,  thrust,  brake,  and  armature,  is  entirely  different.  The 
gear  of  these  machines  is  sixteen  to  one,  the  same  as  used  on 
horizontal  machines  for  similar  service.  Suspended  just  below 
the  lower  limit  of  counterbalance  travel  are  three  pairs  of 
machine  multiplying  sheaves,  each  pair  being  carried  on  a 
trunnion,  and  the  three  trunnions  carried  by  two  1-inch  by  10-inch 
steel  bars,  through  which  the  ends  of  the  trunnions  pass  with 
nuts  and  cotter  pins  on  the  outside.  These  1-inch  by  10-incb 
bars  are  suspended  from  beams  resting  on  columns  which  ex- 
tend down  about  80  feet  to  the  machine  beds,  and  carry  the 
16-to-l  geared  pull  of  the  ropes. 

Below  the  three  fixed  sheaves  come  four  pairs  of  travelling 
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sheaves  mounted  in  the  same  way,  only  their  1-inch  by  10- 
inch  bars  are  fastened  at  the  bottom  to  two  3-inch  rods  which 
extend  down  to  the  nut's  crosshead  on  either  side  of  the  screw. 
At  the  upper  and  lower  ends  of  these  bars  are  crossheads  with 
guide  shoes  running  on  the  same  Tee  rails  that  the  counter- 
balance runs  on ;  these  rails  extend  from  the  top  of  the  machine 
guides  to  the  top  of  the  building,  and  also  keep  the  three  fixed 
sheaves  in  line  with  the  travelling  sheaves.  On  either  side  of 
the  counterbalance  two  |-inch  ropes  lead  down  close  to  the  Tee 
rails  to  the  lower  pair  of  travellii%  sheaves,  and  pass  upward 
from  them  to  the  upper  pair  of  fixed  sheaves,  which  are  3  inches 
smaller  in  diameter ;  from  there  down  to  the  next  set  of  travel- 
ling sheaves,  etc.,  there  being  3  inches  reduction  in  each  suc- 
cessive pair  of  fixed  and  travelling  sheaves,  l|^-inch  distance 
rope  centres  is  maintained,  and  the  ropes  finally  anchor  at  the 
bottom  of  the  fixed  sheaves'  bars.  These  multiplying  sheaves 
are  all  mounted  on  roller  bearings  made  of  ^-inch  solid  hard- 
steel  rolls  held  in  machined  bronze  cages  made  of  one  casting ; 
they  roll  on  hardened  and  ground  steel  trunnions  and  hardened 
and  ground  steel  bushings  f-inch  thick.  Grease  is  forced 
through  the  centre  of  trunnions  into  each  sheave  bearing.  There 
are  twenty-eight  (28)  of  these  ^-inch  rolls  3^  inches  long  in  each 
sheave.  The  load  on  these  bearings  is  about  320  j^ounds  per 
projected  square-inch  area,  and  their  inaccessibility  renders  it 
necessary  to  make  them  able  to  run  without  attention  for  long 
periods  of  time.  I  have  seen  sheaves  carrying  this  same  load, 
but  running  their  bored  hole  directly  on  the  steel  shaft,  enlarge 
from  4-inch  to  5f-inch  bore  and  wear  the  shaft  ^  inch  where 
they  turned  on  it,  in  six  months. 

The  counterweighting  effect  of  all  these  parts  moving  one-six- 
teenth of  the  car  speed  reduces  the  momentum  of  the  total  counter- 
balance, and,  the  vertical  machine  ropes  not  whipping  as  much 
as  the  horizontal  machine  ropes,  produces  a  much  better  motion 
of  car.  These  cars  with  their  finished  cages,  averaging  40  square 
feet  area  of  platform,  weigh  only  2,700  pounds,  and  are  counter- 
balanced just  enough  to  be  operated,  by  the  ropes,  sheaves,  and 
vertically  moving  parts  of  the  machine,  without  a  pound  of  metal 
beiuK  added  for  counterbalance  onlv.  The  varving  counterbalanc- 
ing  effect  of  the  ropes  as  the  car  travels  is  compensated  by  two 
chains  of  l|-inch  iron  links  looping  from  the  counterbalance 
to  a  support  in  the  building  midway  in  its  travel. 
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The  vertical  screw  runs  much  truer  than  tlie  horizontal  and 
is  much  easier  on  the  ball-bearing  nut. 

Our  experience  begins  to  indicate  that  our  present  size  of  nut, 
carrying  240  ^-inch  balls  under  load  at  a  time,  is  too  small 
where  they  are  geared  16  to  1  to  the  car  and  the  load  ranges 
from  100  to  300  pounds  per  ball.  Fig.  300  shows  a  ball-bearing 
nut  on  a  hollow  screw  bar  carrying  320  5* -inch  balls  under  load, 
which  I  hope  to  use  in  future  high-geared  elevators,  thus  getting 
the  benefit  of  a  stiffer  and  more  reliable  screw  bar,  as  well  as 
about  three  times  the  ball-cartying  capacity.  Mr.  H.  F.  J.  Porter, 
of  the  Bethlehem  Iron  Company,  has  offered  to  undertake  to 
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bore  a  3-inch  hole  through  the  centre  of  these  bars  up  to  26 
feet  in  length,  which,  as  this  steel  is  80  carbon  and  60  manganese, 
is  no  easy  feat  to  perform.  This  may  be  modified,  however,  by 
using  a  softer  steel  for  boring  and  obtaining  the  requisite  hard- 
ness afterwards  by  oil  tempering. 

Mr.  G.  H.  Hill,  E.E. — Early  in  its  development  as  a  commer- 
cial power  machine  the  electric  motor  was  applied  to  hoisting 
machinery.  The  first  application  to  elevators  for  passenger  or 
freight  service  was  by  belting  to  existing  hoists  formerly  oper- 
ated direct  by  steam  or  from  a  line  of  shafting.  The  motor 
in  such  cases  is  entirely  similar  to  any  power  motor,  as  it  is 
run  in  one  direction  continuously,  and  not  started,  stopped,  and 
controlled  by  the  car  operator.    The  elevator  motor,  as  a  some- 
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what  distinct  class,  is  confined  to  those  direct  connected  to  the 
elevating  machinery  and  controlled  eutirely  from  the  car ;  the 
operations  of  starting,  stopping,  regulation  of  speed,  and  revers- 
ing being  entirely  functions  of  the  motor  and  its  controlling 
apparatus. 

The  necessity  of  meeting  the  severe  conditions  of  these  opera- 
tions has  developed  a  class  of  motors  peculiar  in  some  respects 
and  with  many  admirable  qualities.  The  conditions  to  meet  are 
in  some  respects  similar  to  those  of  street-car  service,  which  has 
produced  a  type  of ,  motor  of  marked  individuality  and  of  high 
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merit.  The  points  of  similarity  between  the  two  services — 
viz.,  elevator  and  street-railway — are  chiefly  thoroughness  and 
strength  of  design,  ability  to  stand  all  sorts  of  abuse,  v/eather 
conditions,  overload,  shocks  of  frequent  starting  under  heavy 
loads,  and-  ability  to  reverse  and  run  in  either  direction 
equally  well.  In  several  respects  the  conditions  for  elevator 
service  are  more  severe  and  exacting  than  those  for  railway 
service,  which  seems  natural,  since  an  elevator  is  no  more  or 
less  than  a  railway  operation  on  a  vertical  plane. 

Besides  the  prime  requisite  of  a  railway  motor,  viz.,  endurance — 
a  requisite,  by  the  way,  much  magnified  in  importance  when  we 
consider  the  impossibility  of  taking  a  disabled  elevator  home 
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for  repairs  while  another  rcphices  it — the  elevator  motor  must 
be  efficient  and  economical  of  power  both  on  starting  and  run- 
ning ;  it  must  be  capable  of  rapid  control,  combining  gentleness 
with  almost  unlimited  power.  An  elevator  is  usually  operated 
on  a  lower  voltage  supply  than  that  of  a  railway  line  with  corre- 
sponding greater  current  values.  Frequently  they  are  con- 
nected to  circuits  that  supply  lights  and  other  power,  and  the 
number  of  machines  in  a  single  plant  is  so  small  as  to  prevent 
the  averaging  of  the  current  value  to  a  fairly  constant  figure,  as 
is  the  case  when  a  large  number  of  units  are  in  operation.  The 
fluctuations  of  current  are  necessarily  great,  and,  if  excessive  in 
starting,  are  especially  noticeable  and  annoying.  Any  uneven- 
ness  of  action  in  starting  and  stopping  is  very  noticeable  and 
unpleasant.     Their  perfect  safety  must  be  beyond  question. 

Under  the  same  conditions  of  field  strength  and  potential  the 
motor  must  have  a  very  constant  speed  under  extreme  condi- 
tions of  load  from  a  negative  to  a  maximum  positive. 

The  most  common  and  widely  known  form  of  electric  elevator 
is  the  worm  gear  and  drum  machine,  which  consists  generically 
of  the  winding  drum  and  worm  wheel  carried  on  the  same  shaft, 
a  w^orm  meshing  wdth  the  gear,  and  the  armature  of  the  motor 
mounted  on  the  worm  shaft.  While  not  essentially  so,  these 
machines  are  almost  exclusively  operated  on  the  overbalanced 
principle.  This  has  the  well-known  advantage  in  economy  of 
power  by  making  the  system  balanced  when  the  average  load  is 
in  the  car.  With  the  car  thus  overbalanced  the  possibility 
exists — arbitrarily  as  far  as  the  motor  or  control  is  concerned — 
of  having  the  motor  drive  a  positive  load  or  of  having  the  load 
tend  to  drive  the  motor  in  either  direction  according  as  the  live 
load  is  greater  or  less  than  the  amount  of  overbalance.  This 
condition  makes  a  shunt  wdnding  for  the  motor  a  necessity, 
since  a  series-wound  motor  would  be  useless  to  control  the  car 
where  the  load  w^as  tending  to  move  by  gravity  in  the  same  direc- 
tion that  the  motor  is  being  driven.  When  this  condition  exists 
with  a  properly  designed  shunt  motor,  a  very  small  increase  in 
speed  over  the  normal,  caused  by  the  driving  load,  wdll  raise 
the  counter- E.  M.  F.  of  the  motor  above  that  of  the  power  cir- 
cuit and  cause  it  to  generate  current  back  into  the  line,  thus  act- 
ing as  a  dynamic  brake. 

A  variation  in  speed  of  less  than  10  per  cent,  is  obtained  with 
the   best  machines  for  a  variation   in  load  from  the  maximum 
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positive  power  of  fclie  machine  to  a  similar  negative  load.  This 
ability  to  generate  current  back  into  the  line  is  of  great  imijor- 
tance  not  only  in  preserving  a  constant  speed  under  all  condi- 
tions, but  also  in  the  matter  of  economy.  Where  a  number  of 
machines  are  connected  to  the  same  power  line  close  together, 
this  action  produces  a  remarkable  saving  in  total  power  re- 
quired. A  remarkable  instance  of  this  is  presented  in  a  case 
where  twenty-three  machines,  nearly  all  of  the  same  size,  are 
installed  in  one  plant.  The  mains  are  of  heavy  copper  and 
installed  so  as  to  closely  tie  all  of  the  motors  together.  The 
machines  are  designed  to  carrj^  loads  of  5,500  pounds  and  4,500 
pounds  at  a  speed  of  150  feet  and  225  feet  per  minute  respec- 
tively. The  regular  average  duty  is  very  much  higher  than  is 
ordinary — being  usually  about  one-half  of  these  load  figures. 
The  average  hoisting  current  for  each  machine  at  23(>  volts  is 
about  50  amperes.  The  cars  are  rather  heavily  overbalanced, 
so  that  an  empty  car  going  up  or  a  loaded  car  descending 
will  drive  the  motor  and  cause  it  to  generate  current  back  into 
the  mains,  which  goes  to  su23ply  one  of  its  neighbors  that  is 
running  down  light  or  up  with  a  heavy  load.  The  current 
supjDlied  to  the  system  is,  therefore,  the  difference  between  the 
generated  current  and  that  expended  in  doing  actual  work. 
The  result  is  a  great  diminution  in  power  required  by  the 
plant  over  that  which  would  be  necessary  were  the  elevators 
separated  and  supplied  individually.  The  power  required  to 
operate  the  entire  plant  averages  about  10  amperes  for  each 
elevator  in  service,  and  the  total  current  supply  is  very  con- 
stant. Instead  of  using  a  separate  generator  for  the  elevator 
load  as  originally  contemplated,  the  elevators  are  now  run  from 
the  same  generators  with  the  light  load  with  perfect  satisfaction. 

In  addition  to  having  the  motor  design  such  that  it  will  act  as 
an  efficient  generator  and  attain  a  potential  greater  than  the  line 
voltage  at  a  speed  not  greatly  in  excess  of  its  motor  speed,  it  is 
also  a  prime  requisite  that  the  Avorm  gear  be  very  efficient. 

Another  noticeable  case  of  the  effect  of  this  action  was  men- 
tioned in  the  discussion  of  an  elevator  plant  at  a  recent  conven- 
tion of  this  Society.  In  this  case  two  of  the  elevators  of  a 
plant  of  eight  were  used  to  carry  load  down  only,  the  up  trip 
being  with  empty  car.  The  average  current  for  these  two  ma- 
chines is  negative  ;  i.e.,  they  act  as  generators  and  actually  sup- 
ply energy  to  the  other  machines  of  the  system. 
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The  combined  necessities  of  using  ji  sliunt  field  winding  and — 
for  reasons  of  economy — of  having  the  current  cut  off  from  the 
field  when  the  machine  is  not  in  actual  operation,  require  a  spe- 
cial consideration,  especially  in  isolated  machines,  in  order  to 
prevent  excessive  inrush  of  current  when  starting.  It  is  neces- 
sary to  make  the  field  magnetize  quickly,  so  that  the  starting 
resistance  may  be  cut  out  promptly.  This  is  accomplished  in 
some  machines  by  a  special  arrangement  of  the  shunt  field,  and 
in  others  by  using  a  few  series  turns.  These  series  turns  must 
be  cut  out  with  absolute  certainty  as  soon  as  the  motor  attains 
its  speed,  for  the  reasons  before  given. 

For  the  purpose  of  slow  running  as  well  as  to  further  reduce 
the  starting  current,  the  best  practice  designs  the  motor  to  run 
when  at  normal  maximum  speed  with  a  field  magnetization  con- 
siderably below  the  saturation  point. 

When  starting,  the  field  is  brought  quickly  to  saturation,  giv- 
ing the  motor  a  heavy  torque  and  a  slow  speed  with  little  more 
than  the  running  current  when  the  field  is  weakened  and  the 
motor  speeded  up.  Such  arrangement  reduces  the  amount  of 
power  that  can  be  obtained  from  a  given  motor,  or,  conversely, 
makes  a  larger  and  heavier  motor  necessary  for  a  given  output, 
as  compared  with  standard  power  motors. 

With  the  special  conditions  to  meet,  the  best  elevator  motors 
have  a  very  high  efficiency.  A  hoisting  efficiency  over  all — /.e., 
from  line  supply  to  net  load  lifted  by  machine — of  60  per  cent,  is 
ordinary,  while  in  many  machines  70  to  75  per  cent,  is  attained. 
For  this  the  efficiency  of  the  motor  alone  must  be  high,  and 
is  commonly  90  per  cent. 

The  control  of  the  drum  type  of  machine  has  to  perform 
three  general  functions : 

1.  Make  and  break  the  current  and  reverse  the  motor. 

2.  Cut  out  the  starting  resistance. 

3.  Circuit  the  motor  through  a  resistance  when  stopping  and 
apply  the  brake. 

The  oldest  form  of  control  accomplished  the  first  and  second 
entirely  by  a  hand  rope  running  to  the  car.  These  early  ma- 
chines did  not  accomplish  the  third-named,  but  depended 
entirely  upon  the  brake  for  stopping.  The  motor  affords  a 
most  excellent  means  for  bringing  the  moving  car  to  rest  by 
circuiting  through  a  resistance,  preferably  one  variable  from 
maximum  to  zero  with  heavy  cars  and  loads.     The  action  of  the 
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motor  is  proportional  to  the  load  and  speed  and  is  powerful 
and  at  the  same  time  gentle  and  easy.  The  action  of  a  me- 
chanical brake  set  at  a  given  pressure  is  apt  to  be  harsh  with 
light  loads,  or  not  sufficiently  powerful  at  heavy  ones.  With 
light  loads  and  small  machines  this  is  not  so  noticeable. 

The  advantages  to  be  gained  by  performing  these  functions, 
either  altogether  electrically  or  partially,  have  caused  such 
means  to  be  quite  generally  adopted.  A  well-known  form  of 
controller  is  one  in  which  the  making,  breaking,  and  reversing 
are  performed  by  a  switch  controlled  directly  by  the  hand  rope, 
the  same  switch  controlling  the  circuits  of  the  brake  coil  and  a 
solenoid  which  cuts  out  the  starting  resistance.  The  electric 
form  of  brake  is  in  all  cases  arranged  so  that  the  brakeshoes 
are  pressed  against  the  brake  pulley  by  a  spring  or  weight,  and 
released  therefrom  by  a  solenoid.  This  arrangement  has  the 
advantage  of  automatically  applying  the  brake  whenever  the 
current  is  cut  off  in  stopping  or  in  an  emergency.  One  form  of 
solenoid  for  cutting  out  the  starting  resistance  is  wound  so  that 
its  axis  is  a  segment  of  the  circumference  of  a  circle.  The 
plunger  is  similarly  shaped  and  is  carried  by  a  lever  on  the 
opposite  end  of  which  is  carried  the  brush  which  passes  over 
a  commutator  between  the  segments  of  which  is  connected  the 
starting  resistance.  An  air  dash-pot  is  usually  attached  to 
the  lever  to  control  the  rapidity  of  movement  of  the  plunger 
and  lever.  The  lever  movement  is  used  because  of  the  appar- 
ent difficulty  of  designing  a  solenoid  magnet  which  will  act 
over  long  distances.  A  form  of  controller  manufactured  by 
Sprague  Electric  Company  which  overcomes  this  difficulty 
is  shown  in  Fig.  301.  This  is  entirely  electric — the  making, 
breaking,  reversing,  and  circuiting  through  a  resistance  when 
stopping  being  accomplished  by  the  two  solenoids  on  either 
side  of  the  main  solenoid.  The  rheostat  solenoid  in  this  con- 
troller is  direct  lifting  against  gravity  and  is  governed  by  an 
adjustable  air  dash-pot  in  the  interior  of  the  coil.  The  con- 
tact brushes  are  carried  on  the  end  of  the  plunger,  mak- 
ing contact  with  the  rows  of  segments  on  either  side.  The 
movement  of  this  plunger  is  about  10  inches,  and  its  rapidity 
of  movement  is  easily  varied  by  the  air  dash-pot  irom  1  to  5 
seconds  as  desired.  Another  form  of  entirely  electric  con- 
troller is  the  magnet  control  manufactured  by  the  Otis  Com- 
pany.    This  controls  the  making,  braking,   reversing,  and  cir- 
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cuiting,  by  magnets  in  a  way  similar  to  the  above.  Tlie 
starting  resistance  is  cut  out  in  sections  by  the  action  of  a 
number  of  other  magnets  whose  coils  are  so  wound  and  con- 
nected that  they  are  energized  in  rotation  as  the  armature  of 
the  main  motor  increases  its  counter-electromotive  force.  The 
potential  thrown  across  the  armature  terminals  is  thus  propor- 
tional to  the  counter-electromotive  force  it  has  attained,  the 
acceleration  on  starting  being  automatically  proportioned  to  the 
load.  On  this  and  the  above  controller  a  variation  of  speed  of 
the  motor  is  accomplished  by  a  separate  magnet  which  varies 
the  field  strength  of  the  main  motor. 

In  all  of  the  above  controllers  the  cutting  out  of  starting 
resistance,  and  the  speed  with  which  this  is  done,  are  independent 
of  the  operator  in  the  car ;  the  variation  in  speed  under  the 
operator's  control  being  entirely  that  produced  by  field  variation 
of  the  main  motor. 

The  pilot-motor  controller  manufactured  by  the  Sprague 
Company  provides  means  for  controlling  this  at  will.  This  is 
shown  in  Fig.  302.  The  making,  breaking,  and  reversing  are 
controlled  by  the  two  circuit  breakers  as  in  the  other  forms. 
The  control  of  the  starting  rheostat  and  field  variation  is  through 
the  medium  of  a  pilot  motor  the  circuits  of  which  are  controlled 
by  the  operator.  The  pilot  motor  is  series  wound  with  differen- 
tial field,  and  is  started  and  reversed  without  any  starting 
rheostat.  It  is  provided  with  limit  switches  and  stops  by  which 
it  cuts  off  its  own  circuit  at  the  limits  of  its  motion.  It  is  also 
provided  with  a  brake  similar  in  construction  to  the  main- motor 
brake  and  mounted  upon  the  armature  shaft.  The  coil  of  the 
brake  is  connected  in  series  with  the  motor.  This  brake  serves 
to  stop  the  movement  of  the  rheostat  arm  instantly,  when  the 
current  is  cut  off  from  the  pilot  motor  by  the  car  operator  or  at 
the  limits  of  its  motion.  AVith  this  form  of  controller,  the  speed 
of  the  car  is  under  complete  control  from  the  very  slow  move- 
ment with  full  field  strength  and  all  starting  resistance  in  circuit, 
to  the  maximum  speed  with  the  motor  across  the  line  and  the 
field  weakened. 

An  interesting  device  is  provided  on  this  control  for  making 
the  acceleration  of  the  car  Avhen  starting  proportional  to  its 
load.  The  device  consists  of  a  solenoid  in  circuit  with  the 
main-motor  armature  and  provided  with  a  plunger  and  suitable 
contacts.     When  the  starting  current  exceeds  a  predetermined 
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amount  for  which  the  throttle  (as  the  device  is  termed)  is  set, 
the  plunger  of  the  magnet  draws  up,  closing  a  shunt  circuit 
about  the  pilot-motor  armature.  This  slows  down  or  stops 
altogether  the  movement  of  the  rheostat  arm  until  the  counter- 
electromotive  force  of  the  main  motor  increases  and  the  current 
again  falls  below  the  given  amount,  when  the  plunger  drops  and 
the  movement  of  the  rheostat  arm  continues. 

With  thfe  complete  electric  control  there  is  usualh^  provided 
a  slack  cable  switch  operated  by  various  devices,  Avhich  cuts  off 
the  current  and  stops  the  motor  in  case  the  hoisting  cables 
become  slackened  in  an  emergency,  and  a  centrifugal  governor 
which  acts  similarily  in  case  the  motor  attains  too  high  a  speed. 

Another  form  of  control  for  drum  elevators,  quite  different 
from  all  the  above,  is  that  known  as  the  Leonard  system.  The 
peculiarity  of  this  system  lies,  not  in  the  motor,  but  in  the  applied 
power.  By  means  of  an  individual  generator  for  each  elevator, 
whose  field  strength  and  therefore  voltage  are  varied  or  reversed 
at  will  by  the  operator,  this  supplies  to  the  motor,  without  the 
use  of  resistance,  the  variable  voltage  for  starting,  as  well  as 
for  speed  regulation  when  running.  The  field  of  the  motor 
is  kept  at  constant  strength  and  can  be  maintained  at  a 
maximum. 

The  starting  power  with  this  system  of  operation  need  never 
exceed  that  required  for  running,  and  in  this  respect,  as  well  as 
in  the  directness  and  simplicity  of  the  idea,  it  is  in  theory  the 
ideal  method  of  control.  It  is,  however,  hampered  commercially 
by  the  necessity  of  the  individual  and  separate  generating 
apparatus.  Special  consideration  must  be  given  to  the  con- 
struction of  the  generator,  in  order  to  have  its  field  strength  and 
voltage  follow  quickly  the  action  of  the  023erator  in  increasing 
or  reducing  the  field  current,  in  order  to  produce  rapid  control 
of  the  car.  One  of  the  strongest  advantages  of  the  electric 
elevator  is  the  possibility  it  presents  for  centralizing  all  the 
power  needed  for  a  building  in  a  few  generating  units.  Where 
the  generators  cannot  be  used  for  other  purposes  or  even  inter- 
changeably with  the  lighting  or  other  power  generators,  the 
electric  elevator  loses  a  great  part  of  its  advantage  over  other 
systems. 

Another  type  of  electric  elevator  which  has  attained  promi- 
nence is  the  screw  and  ball-nut  type  manufactured  by  the 
Sprague  Electric  Company.  This  is  a  radical  departure  in  its 
55 
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-electrical  as  well  as  meclianical  features  from  all  other  electric- 
elevator  practice,  and  was  designed  to  duplicate  hydraulic- 
elevator  service  in  the  matter  of  speed  and  operation  for  high- 
duty  passenger  service  in  office  buildings.  The  machine  has 
been  described  above. 

The  car  in  this  system  is  always  underbalanced.  The  motor 
operates  as  such  when  hoisting,  but  is  driven  as  a  generator  by 
the  load  when  descending.  The  motor  is  series  wound  with  a 
few  turns  of  shunt  Avinding  remaining  in  circuit  to  assist  the 
rapid  building  up  of  the  field  magnetization  when  starting.  The 
form  of  control  for  this  machine  is  shown  in  Fig.  303. 

The  making  and  breaking  of  current  (there  is  no  reversal  of 
eurrent  or  motor  connections,  since  power  is  used  only  in  hoist- 
ing) are  performed  by  a  circuit  breaker  similar  to  that  for  drum 
machines.  The  speed  in  hoisting  or  lowering  is  variable  at  will 
over  the  entire  range  of  the  motor,  and  is  controlled  through 
the  medium  of  a  pilot  motor  which  is  geared  to  the  rheostat 
arm.  On  the  hoisting  motion  this  is  an  ordinar}^  rheostat  con- 
trol ;  in  lowering,  the  motor  as  a  generator  is  circuited  through 
a  variable  rheostat,  the  retarding  effort,  and  hence  the  speed, 
being  governed  by  the  amount  of  resistance  in  circuit. 

The  brake  is  connected  direct  on  the  armature  shaft,  and  is 
similar  in  principle  to  that  for  drum  machines. 

The  positive  connection  between  the  power  unit  and  the  car, 
the  positive  limits  of  travel  presented  by  the  ball-nut  and  screw 
system,  and  its  great  adaptability  to  the  application  of  safety 
devices,  give  this  type  of  elevator  marked  advantages  over  the 
drum  machine.  The  efficiency  of  the  machine  is  high,  70  per 
cent,  hoisting  efficiency  from  power  supply  to  load  hoisted 
being  ordinarily  attained. 

The  introduction  into  extensive  commercial  use  of  two-phase 
systems  of  alternating-current  electric  power,  and  the  use  of  this 
as  well  as  single-  and  three-phase  systems  abroad,  have  produced 
a  demand  for  elevators  that  will  operate  on  such  systems.  A 
number  of  such  are  now  upon  the  market.  The  motors  for  these 
are  usually  standard  types,  as  built  by  the  General  Electric,  West- 
inghouse,  and  other  companies. 

The  controlling  apparatus  is  much  simplified  by  the  lack  of 
necessity  for  any  starting  resistance.  The  low  efficiency  of  alter- 
nating current  magnets  requires  that  special  consideration  be 
given  the  control  apparatus  in  order  to  prevent  too  much  power 
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beinij;  expended  therein.  In  one  type  of  alternating  machine  a 
small  motor  is  used  to  operate  the  circuits  of  the  main  motor 
and  to  lift  and  apply  the  brfike.  The  objection  is  open  to  this, 
that  in  case  of  line  failure  the  brake  would  not  be  applied  or 
the  circuits  of  the  motor  opened.  Another  simpler  and  more 
direct  apparatus  controls  the  reversing  switch  of  the  motor,  and 
operates  the  brake  by  means  of  a  solenoid  magnet.  When  the 
plunger  of  this  magnet  has  completed  its  movement  and  at  the 
same  moment  that  current  is  applied  to  the  motor,  it  opens  its 
own  circuit  and  is  caught  and  held  by  a  latch.  Current  is  not 
flowing,  therefore,  through  the  solenoid  and  motor  at  the  same 
time,  a  point  of  advantage  in  keeping  the  starting  current  low. 
To  stop  the  motor  and  apply  the  brake  the  latch  must  be  released 
by  a  second  small  magnet.  At  the  limits  of  motion  of  the  car 
this  latch  is  also  released  by  mechanical  means.  This  is  partly 
open  to  the  same  objection  as  the  first-named,  as  the  brake 
would  not  be  applied  nor  the  circuits  opened  in  case  of  failure 
of  power  for  a  short  or  long  period,  except  when  the  car  reaches 
its  limit  of  travel. 

Another  form  not  open  to  this  objection  employs  two  solenoids 
for  lifting  the  brake  and  reversing  the  motor,  one  for  up  and 
one  for  down  motion.  The  solenoids  are  so  designed  that  when 
the  movement  of  the  plunger  is  completed  the  reactance  of  the 
coil  is  greatly  increased,  and  hence  the  current  diminished  in 
value  much  below  that  required  to  raise  the  plungers.  This 
form  of  control  stops  the  motor  and  applies  the  brake  instantly 
when  the  control  circuit  is  opened  in  normal  operation,  or  in 
an  emergency.  In  case  of  single-phase  motors  a  teaser  arrange- 
ment is  employed  to  produce  a  rotary  field  when  starting,  and 
is  cut  out  when  the  motor  reaches  synchronism  with  the  line. 
All  forms  of  electric  elevator  mechanism  lend  themselves  very 
readily  to  the  application  of  special  and  automatic  devices  for 
safe  and  convenient  operation  and  to  accomplish  any  special 
object.  The  forms  of  such  special  application  are  of  great  vari- 
ety, and  a  detailed  description  of  them  would  be  quite  beyond 
the  limits  of  this  paper. 

A  very  popular  and  interesting  form  of  automatically  con- 
trolled elevator  for  use  in  private  dwellings  deserves  mention, 
however.  The  machine  itself  is  of  the  ordinary  drum  type, 
having  a  moderate  speed,  usually  about  100  feet  per  minute.  It 
is  designed  to  be  operated  by  the  passenger,  no  operator  being 
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required.  Each  floor  landing  is  provided  with  a  button  switch, 
by  pressing  Avhich  the  car  is  brought  to  that  floor  irrespective 
of  its  previous  position,  provided  it  is  not  already  in  service 


Fig.  304. 


and  all  landing  doors  are  closed.  Each  landing  door  is  equipped 
with  an  automatic  lock,  released  by  the  car  when  it  is  opposite 
the  landing,  and  holding  the  door  closed  at  all  other  times.  It 
also  is  provided  with  a  safety  switch,  which  opens  the  control- 
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linii^  circuit  Avlieuever  the  door  is  opened,  so  that  the  car  canuot 
be  op(U"at(Hl  unless  all  doors  are  closed.  The  car  may  be  })ro- 
vided  with  several  forms  of  operating  devices,  all  of  which  are  so 
arranged  that  when  being  operated  by  a  passenger  the  landing 
buttons  are  inoperative.  These  types  of  elevators  are  in  exten^ 
sive  use,  and  have  shown  themselves  not  only  perfectly  safe,  but 
very  convenient  and  reliable. 

The  same,  or  similar,  form  of  automatic  control  is  used  in 
more  or  less  elalwrate  modifications  for  a  great  variety  of  pur- 
poses, such  as  dumb-waiters,  parcel  hoists,  freight  service,  etc., 
etc.,  which  the  flexibility  of  the  electric  control  makes  possible 
with  a  simplicity  and  directness  quite  impossible  with  any  but 
electric  machines.  The  descriptions  of  the  various  types  of  con- 
trols given  have  necessarily  been  of  the  briefest  possible  charac- 
ter. There  is  much  of  interest  to  be  said  in  description  of 
details  and  in  discussion  of  the  merits  and  demerits  of  the 
various  types  of  machines  and  controls  as  well  as  upon  the  ques- 
tions of  power,  economy,  and  efficiency.  Any  attempt  at  this, 
however,  is  quite  impossible  in  a  single  j)aper. 
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Mr.  W.  S,  Rogers. — It  is  interesting  to  read  that  some  one  con- 
nected with  the  electric  elevator  business  considers  a  ball-bearing 
nut  to  be  a  crude  affair  as  a  ball  bearing.  Mj  experience  has  led 
me  to  the  conclusion  that  it  would  have  been  wise  to  have  listened 
to  the  advice  of  Mr.  C.  A.  Lieb,  quoted  on  page  837,  that  it  was  a 
curiosity  of  no  practical  value. 

We  are  told  that  the  ball  nut  is  "  harveyized  "  in  bone  dust  and 
charcoal.  Why  not  say  that  it  was  "case-hardened,"  as  that 
is  all  there  is  to  it,  and  it  is  a  process  which  we  have  all  been 
using  at  various  times  for  many  years,  and  know  that  it  is  not 
always  a  ''sure  thing,"  as  the  best  steel  workers  will  testify. 

Now,  referring  to  Fig.  299,  we  notice  that  the  walls  of  the  area 
in  which  the  balls  roll  form  a  square,  with  the  exception  of  the 
corner  of  the  nut  against  which  the  thrust  load  comes,  which  is 
left  with  a  fillet  of  30  degrees.  When  at  work  the  lead  of  the 
ropes  is  parallel  to  the  line  of  the  screw,  while  tangential  inertia 
of  the  balls  is  at  right  angle  to  the  screw.  These  two  forces  pro- 
duce a  resultant  force  compelling  the  balls  to  wear  away  the  30- 
degree  fillet  and  make  for  themselves  a  true  rolling  path.  While 
this  action  is  going  on  there  is  also  a  tendency  of  the  balls  to 
wedge  outward  until  they  have  cut  the  angular  portion  of  the  nut 
into  sHvers  and  splinters,  giving  themselves  room  to  work  in.  (I 
will  state  that  I  have  seen  these  splinters  of  steel  an  inch  long  and 
3^2  of  an  inch  thick.)  These  splinters  and  cuttings  also  are 
gathered  in  among  the  balls  in  a  compound  of  metal  succotash, 
which  assists  in  making  some  balls  larger  than  others,  causing 
them  for  the  moment  to  take  more  of  the  horizontal  load  than 
they  are  able  to  carry,  and  the  result  is  broken  balls,  elevators 
stopped  for  repairs  (and  generally  during  the  busiest  hours  of  the 
day),  and  patrons  and  owners  all  out  of  humor,  while  the  poor 
mechanic  in  the  engine  room  has  to  stand  the  brunt  of  all  the 
trouble.  Then  the  so-called  expert  is  called  in,  and  he  immedi- 
ately begins  an  examination  of  the  broken  balls  with  a  microscope, 
endeavoring  to  find  the  microbe  which  caused  the  fracture.  The 
second  element  helping  onward  the  destruction  of  the  mechanism 
lies  in  the  fact  that  the  thread  of  the  nut  is  not  a  perfect  pitch, 
because  such  things  are  impossible,  and  the  same  holds  good  wdth 
the  threads  of  the  screw,  and  in  conjunction  with  them  we  know 
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that  the  best  steel  balls  are  uot  all  of  the  same  exactness,  perfect 
iu  gauge  aud  spherically,  and  practically  not  half  of  the  240  balls 
are  under  load  at  once.  Knowing  this  to  be  true,  and  that  a  4- 
inch  ball's  maximum  running  load  is  but  200  pounds,  it  is  easy  to 
see  that  the  nut  is  only  able  to  resist  24,000  pounds.  Nevertheless, 
we  are  informed  on  page  844  that  the  maximum  average  load  on 
the  thrust  bearing  is  30,000  pounds,  with  occasional  shocks  of 
80,000  pounds.  With  this  discrepancy  in  design,  is  it  any  wonder 
that  the  weaker  member  of  the  construction  continually  gives  out, 
even  if  there  were  no  other  destructive  elements  surrounding  it  ? 
Lastly,  the  balls  are  of  tempered  tool  steel  with  two  axes  of  rota- 
tion. Consequently,  in  action  they  grind  against  the  two  walls  of 
resistance,  which,  being  much  softer  in  texture,  are  bound  to  wear 
away,  destroying  any  accui'acy  they  may  possess,  thus  allowing  a 
few  of  the  balls  at  times  to  take  the  entire  load  until  such  time 
as  crystallization  is  complete.  Then  they  break,  and  the  expert 
goes  after  them  with  his  microscope.  In  one  instance,  where 
balls  made  of  inferior  iron  and  hardened  by  the  Simonds  process 
were  used,  they  wore  down  from  half  an  inch  to  almost  three- 
eighths  of  an  inch  in  diameter  without  breakiug,  and  there  is  no 
guessing  as  to  how  much  longer  they  would  have  lasted.  Another 
argument  favoring  the  truth  of  this  is  the  fact  of  the  so-called 
"  cold-rolling  process "  mentioned  on  page  844,  where  they  per- 
form in  a  laborious,  mechanical  manner  a  trick  which  any  intelli- 
gent toolmaker  can  do  in  an  hour's  time — simply  drawing  the 
temper  of  the  balls.  In  the  meantime  the  experts  are  driving 
the  ball  manufacturers  almost  insane  with  propositions  to  "  test  ' 
balls  made  of  different  kinds  of  steel. 

Kef  erring  to  the  thrust  bearing,  Fig.  298,  the  rollers  will  stand 
safely  against  a  load  of  120,000  pounds.  The  balls  used  pre- 
viously would  only  carry  safely  36,000  pounds,  while  80,000- 
pound  shocks  are  stated  on  page  844  as  likely  to  occur.  In  our 
business  we  do  not  recommend  this  type  of  bearing,  unless  there 
is  absolutely  no  room  for  the  ball  type,  as  the  friction  is  increased 
fully  50  per  cent.  I  do  not  consider  the  roller  bearings  for  the 
sheaves  described  on  page  847  to  be  what  they  ought  to  be,  or 
that  the  rollers  will  last  as  long  as  they  should.  In  my  opiuion 
it  is  possible  to  design  roller  bearings  which  can  be  used  for 
twenty  j^ears. 

illf/\  William  H.  Bryan. — The  description  of  the  Ellithorpe  air 
cushion  is  particularly  interesting,  and  I  would  like  to  know  to 
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what  extent  it  has  actually  come  into  iise.  It  would  seem  to  be 
the  best  possible  safety  device  for  a  falling  elevator.  Is  there 
any  danger  of  "teetering"  when  the  elevator  strikes  the  cushion? 
If  so,  is  it  not  possible  to  displace  the  cables,  or  to  drop  the 
counterweights  ?  Figure  281  shows  a  batter  at  the  bottom  of  the 
well,  and  there  also  seems  to  be  several  inches  of  clearance 
around  the  platform  of  the  car  at  the  narrowest  place.  Have 
any  experiments  been  made  to  determine  whether  this  space  can 
be  so  adjusted  as  to  control  positively  the  air  pressure  ?  If  so,  it 
might  be  possible  to  do  away  with  both  the  suction  and  relief 
valves,  thus  eliminating  two  features  which  might  be  tampered 
with  or  get  out  of  order. 

Our  experience  with  guide  rails  does  not  correspond  with  Mr. 
Pratt's.  We  find  there  is  usually  a  saving  averaging  about  $100 
per  elevator  for  wooden  rails  over  steel,  even  where  the  former 
are  of  the  best  possible  construction.  This  is  partly  accounted 
for  by  the  more  expensive  safeties  required  when  steel  guides  are 
used. 

Mr.  Pratt  brings  out  very  clearly  the  advantages  of  the  electric 
elevator  in  a  number  of  important  features  : 

1.  The  location  of  the  machinery  at  top  of  hoistway  economizes 
space  and  lessens  friction  by  reducing  the  number  of  sheaves. 

2.  The  car  may  be  counterbalanced,  not  only  for  the  dead  load, 
but  over-counterbalanced  to  the  average  live  load,  Avhich 
arrangement  gives  the  highest  possible  motor  efficienc}^  permits 
the  use  of  a  smaller  motor,  and  tends  to  equalize  the  current 
consumption. 

3.  It  greatly  simplifies  and  cheapens  the  power  plant. 

The  improved  efficienc}'  of  the  worm  gear  is  interesting,  as  is 
also  the  fact  that  it  has  now  been  shown  that  a  single  worm  gear 
with  roller  thrust  is  more  efficient  than  the  double  worm. 

Mr.  Pratt  states  that  accumulators  are  chiefly  used  with  high- 
pressure  hydraulic  plants,  but  that  pressures  above  250  pounds 
per  square  inch  are  uncommon.  There  are  a  number  of  hydraulic 
plants  in  St.  Louis  operating  with  pressures  of  about  800  pounds 
whose  performance  is  satisfactory  and  whose  fuel  economy  is 
high. 

Mr.  Pratt  is  probably  correct  in  stating  that  the  machine 
shown  in  Fig.  291  was  the  first  electric  elevator  ever  built,  if  he 
limits  it  to  direct-connected  machines ;  but  electricity  had  been 
used  for  running  elevators  earlier  than  this,  both  by  motor-driven 
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pumps  for  hydraulic  elevators  and  by  motors  belted  to  ])ower 
elevators. 

The  screw  machine  described  is  admirably  adapted  for  high 
lifts  and  speeds,  and  is,  in  fact,  the  only  type  of  electric  elevator 
which  can  be  used  for  this  class  of  service,  but  on  account  of  its 
large  starting  current,  and  the  fact  that  it  cannot  be  over-counter- 
balanced, and  returns  no  current  to  the  line,  its  power  consump- 
tion is  always  high  compared  with  the  drum  machine,  and  larger 
generating  units  must  be  supplied.  I  suggest  that  Mr.  Pratt  add 
to  the  paper  some  characteristic  curves  of  current  consumption 
of  a  typical  machine  of  the  latest  screw  type  for  different  loads. 

The  hoisting  efficiency  of  70  per  cent,  given  on  page  845  is 
probably  for  gross  and  not  live  load.  If  measured  on  the  basis 
of  watt-hours  per  ton-mile  of  live  load  only,  and  including  start- 
ing current,  and  taking  readings  for  the  entire  round  trip,  the 
result  would  be  quite  different. 

Mr.  Hill's  supplement  to  the  paper  is  interesting,  in  that  it 
calls  attention  to  recent  developments  in  motors  by  which  the 
current  consumption  is  reduced  and  the  surge  at  starting  entirely 
avoided.  A  number  of  manufacturers  are  now  offering  elevator 
motors  under  guarantees  that  the  accelerating  current  shall  not 
exceed  the  running  current,  and  this  without  making  the  accelera- 
tion slower,  a  result  which  they  claim  to  accomplish  by  special 
winding.  It  means  a  somewhat  larger  and  more  expensive  motor 
than  would  ordinarily  be  employed,  and  one  whose  efficiency  is  a 
trifle  less  after  it  is  once  under  way,  but  the  increased  expense  of 
the  motor  is  more  than  met  by  the  reduced  size  of  the  generating 
apparatus.  The  absence  of  excessive  starting  current  brings  up 
the  gross  or  round  trip  efficiency,  particularly  where  the  elevators 
make  frequent  stops.  It  is  now  the  almost  invariable  custom  to 
run  electric  elevators  from  electric  lighting  generators,  and  when 
properly  adjusted  both  classes  of  service  are  entirely  satisfactory. 

While  the  drum  electric  machine  has  many  advantages,  it 
should  not  be  operated  at  higher  speeds  than  350  feet  per  minute  ; 
and  if  the  lift  is  over  about  150  feet  drum  complications  are 
introduced.  The  most  successful  drum  machines  are  built  to 
operate  at  practically  constant  speed  in  both  directions,  irre- 
spective of  the  load.  In  freight  service  it  sometimes  becomes 
necessary  to  handle  loads  of,  say,  double  the  rated  capacity  of 
the  elevator.  On  these  rare  occasions  it  would  be  permissible  to 
reduce  the  speed  to  one-half  or  even  less.     If  the  elevator  people 
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would  develop  a  motor  which  would  fill  this  requiremeDt  without 
being  unnecessarily  complicated  or  expensive,  and  while  main- 
taining proper  efficiency  in  regular  service,  I  believe  it  would 
prove  popular.  In  this  connection  it  is  interesting  to  note  the 
development  in  St.  Louis  of  a  single-phase  alternating  motor 
which  is  self-starting,  and  which  may  prove  itself  well  adapted 
to  elevator  service  in  those  cities  where  only  single-phase  alter- 
nating current  is  available.  As  at  present  constructed,  it  sparks 
during  starting,  and  is,  therefore,  better  adapted  for  continuous 
running,  being  belted  by  tight  and  loose  pulleys  to  power 
machines. 

The  important  advantage  which  the  drum  type  of  elevator 
has — of  returning  current  to  the  line — has  already  been  men- 
tioned. This  may  be  done  either  when  a  heavily  loaded  car 
descends  or  a  lightly  loaded  car  ascends.  This  introduces  an 
interesting  question.  What  happens  when  one  or  more  elevators 
are  returning  current  to  the  line  at  a  time  when  the  output  of  the 
generator  is  a  minimum  ?  It  is  not  difficult  to  imagine  all  the 
elevators  stopped,  except  one  or  two.  If  at  this  time  the  output 
of  the  generator  for  lighting  is  small — which  might  occur  in  the 
daytime  in  a  building  using  but  little  artificial  light — it  is  possi- 
ble that  the  return  current  might  not  only  exceed  that  used  for 
the  lighting  and  power  at  the  moment,  but  also  that  necessary  to 
run  the  dynamo  as  a  motor.  Under  these  conditions,  the  generator 
and  its  engine  would  increase  in  speed,  which  would  result  in  the 
engine  governor,  if  of  the  proper  type,  cutting  off  all  the  steam. 
What  would  happen  next  ?  The  elevator  motors,  which  are  now 
dynamos  generating  current,  have,  of  course,  only  a  limited  driv- 
ing power  behind  them.  In  most  cases  this  would  not  be  suf- 
ficient to  more  than  drive  the  dynamo  as  a  motor  and  the  engine 
connected  to  it  with  but  little  increase  of  speed.  Assuming,  how- 
ever, that  the  return  current  might  exceed  even  this,  what  would 
happen  with  a  compound-wound  generator  such  as  is  always  used 
for  this  class  of  work  ?  The  return  current  converts  the  dynamo 
into  a  differentially  wound  motor — that  is,  one  in  which  the 
magnetism  due  to  the  current  in  the  series  winding  is  opposed  to 
that  due  to  the  current  in  the  shunt  winding.  The  rotation  of 
this  differentially  wound  motor  will  be  in  the  same  direction  as 
when  it  ran  as  a  dynamo.  Its  speed  will  depend  entirely  upon 
the  relative  proportions  of  the  series  and  shunt  windings.  If  the 
dynamo  is  heavily  codj pounded,  its  speed  as  a  motor  will  increase 
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as  the  current  increases.  The  standard  generator  is  wound  for 
10  per  cent,  overcompounding,  and  this  is  reduced  by  the  shunt 
compoundiug  rectifier  to  about  3  per  cent,  for  isolated  Hghting. 
Under  these  conditions  the  speed  of  the  motor  will  accelerate 
but  slightly.  The  ])robabilities,  therefore,  iu  such  a  case  are  that 
the  dynamo  would  operate  satisfactorily  and  without  material 
increase  of  speed  until  a  considerable  quantity  of  current  should 
be  forced  through  it. 

The  remedy — if  indeed  a  remedy  is  necessary — is  to  place 
between  the  dynamo  and  switchboard,  not  only  the  usual  over- 
load circuit  breaker,  but  also  an  under-load  circuit  breaker,  which 
will  open  when  the  current  falls  to  zero.  A  better  arrangement 
will  be  to  use  a  circuit  breaker  which  would  pass  enough  return 
current  to  run  the  dynamo  and  engine  at  normal  speed,  but 
would  open  for  any  greater  current.  No  such  instrument  has 
been  developed,  however,  so  far  as  I  am  aware.  It  is  also 
important  in  such  a  case  that  the  governor  of  the  engine  be  of 
such  a  type  as  to  entirely  shut  off  the  steam  at  a  given  excess  of 
speed. 

The  problem  above  presented  has  no  doubt  been  thoroughly 
considered  by  designers  of  generators  and  motors,  and  it  would 
be  interesting  to  learn  their  views.  In  view  of  tlie  fact  that 
thousands  of  electric  elevators  are  now  in  use  in  this  country, 
and  that  many  of  them  return  current  to  the  line,  it  would  seem 
that  this  condition  must  frequently  have  arisen.  There  seems  to 
be  no  record,  however,  of  an  accident  from  this  source,  which  would 
indicate  that  it  is  impossible  for  dangerous  conditions  to  arise. 

Mr.  Chas.  B.  Pratt.^ — On  pages  825  and  826  reference  to  the 
liability  of  drum  elevators  running  the  car  or  the  counterbalance 
into  the  top  of  the  hoistway  was  intended  more  as  a  comparison 
with  the  other  types  mentioned,  in  which  this  could  not  possibly 
occur,  rather  than  to  imply  any  serious  and  actual  danger  per- 
taining to  the  drum  type. 

On  page  827  my  remarks  on  Hindley  worm  gears  are  a  warn- 
ing to  manufacturers  not  to  attempt  to  build  them  in  small 
quantities  for  light  duty  where  there  is  space  to  use  a  plain 
worm  gear.  The  purchaser,  however,  should  give  the  Hindley 
gear  a  preference,  where  it  is  properly  built,  as  it  will  be  more 
efficient  and  durable  for  any  purpose  he  may  choose  to  use  it. 


*Aiitlior's  closure,  under  the  Rules. 
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On  page  8i4,  in  regard  to  the  cylindrical  roller  bearing  shown 
on  page  845,  Fig.  298, 1  should  have  stated  further  that  there  are 
now  about  200  of  these  taking  the  thrust  of  the  screws  on 
Sprague-Pi'att  electric  elevators,  and  not  one  of  them  has  as 
yet  shown  any  measurable  amount  of  wear  or  other  deteriora- 
tion. 

On  page  846,  the  statement  that  the  safety  nut  is  intended  to 
hold  the  load  in  case  the  thread  of  the  ball-bearing  nut  wears 
out  and  strips  is  not  intended  to  imply  that  this  ever  occurs. 
It  certainly  might  occur  in  time  if  the  engineer  never  cared  for 
or  insjDected  the  ball-bearing  nut,  but  it  has  not  occurred  yet, 
and  probably  never  will  occur,  but  this  improbability  does  not 
do  away  with,  the  ad^'isabilitJ  of  having  such  an  absolute  safety 
device  on  a  passenger  elevator. 

The  ball-bearing  nut  needs  no  defence  from  Mr.  Eogers's 
attack,  but,  as  a  matter  of  record  for  our  Transactions,  it  should 
be  stated  that  this  nut  was  never  expected  to  be  an  ideal  ball 
bearing  as  compared  with  ball-bearing  journals  or  thrusts, 
where  the  balls  roll  upon  perfectly  true  and  glass-hard  surfaces 
and  carry  very  little  load  per  ball.  Such  bearings  show  no 
appreciable  deterioration  in  a  lifetime  when  properly  made. 
This  nut  was  made  for  the  specific  purpose  of  operating  an 
elevator  car  with,  a  speed  and  motion  equal  to  the  best  hy- 
draulic elevator,  at  no  greater  first  cost  or  cost  of  operation,  and 
with  all  the  natural  advantages  of  electric  power  over  hydraulic 
incidental  to  the  arrangement  of  the  power  plant  in  large 
buildings. 

The  larger  size  of  this  nut  shown  in  Fig.  300  has  been 
made  and  tried  since  this  paper  was  presented  at  Washing- 
ton, and  tests  of  its  durability  indicate  that  it  will  last  as 
long  as  any  piece  of  high-speed  elevator  mechanism  is  expected 
to  last. 

The  comparative  degree  of  success  that  this  nut  has  attained 
commerciallv  is  not  an  aro^ument  for  our  Societv.  But  if  it 
was  as  Mr.  Eogers  describes  it,  it  could  scarcelv  have  been 
selected  as  the  means  of  operating  elevators  in  the  finest  and 
highest  buildinors  in  nearlv  everv  lars^e  citv  in  the  United  States 
for  the  last  six  vears.  The  latest  installation  of  the  ten  passenger 
elevators  in  the  Park  Eow  Building,  Xew  York  City,  made  the 
trial  run  of  thirty  days  without  an  instant's  interruption  to  the 
service  of  anv  elevator  for  auv  cause  whatever. 
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Mr.  lui^ers's  reiiKirks  on  tli(3  Harvey  process  jiikI  upon  case- 
liardeiiiiig  would  lead  one  to  suppose  that  they  were  one  and 
the  same  thing  and  ecpially  ineffective  for  practical  results. 
As  the  limits  of  this  discussion  will  not  permit  of  a  complete 
description  of  these  methods  of  hardening  steel,  the  author 
can  only  call  attention  to  the  fact  that  the  armor  plate  of 
every  war  vessel  afloat  is  Harveyized,  and  the  bearings  of 
small  arms,  bicycles,  sewing  machines,  etc.,  are  nearly  all  case- 
hardened.  Therefore,  neither  of  these  processes  can  be  fairly 
considered  to  be  either  obsolete  or  experimental,  as  would  l)e 
inferred  from  Mr.  Kogers's  statement. 

Mr.  Rogers  next  attempts  to  explain  various  causes  for  undue 
wear  and  tear  of  this  ball-bearing  nut,  suggesting  "  tangential 
inertia  "  and  other  equally  improbable  reasons  for  the  same.  The 
one  only  reason  why  some  of  these  nuts,  balls,  and  screws  have 
not  lasted  as  long  as  they  should,  is  because  they  have  been 
overloaded.  This  fault  is  now  recognized  by  their  manufacturers, 
and  the  remedy,  in  the  form  of  the  larger  size,  as  already 
described  in  this  paper,  is  now  being  applied  to  such  plants 
as  may  require  it,  and  the  members  of  this  Society  Avill  be 
invited  to  inspect  the  first  installation  of  the  same  at  the 
Waldorf-Astoria  Hotel,  during  our  next  convention  in  Decem- 
ber, where  they  can  also  observe  the  smaller  size  working  under 
an  overload. 

The  author  is  perfectly  familiar  with  the  process  of  drawing 
the  tem2:)er  of  steel  balls,  and  most  of  the  balls  used  in  this  nut 
have  had  their  temper  drawn  to  whatever  temperature  was  best 
suited  to  the  steel  used,  but  it  does  not  produce  the  same  result 
as  the  cold  rolling  action  that  these  balls  receive  under  their 
regular  dut^". 

Mr.  Rogers's  remarks  about  the  inadequacy  of  the  roller  sheave 
bearings  described  on  page  847  are  totally  uncalled  for,  as  these 
bearings  follow  the  best  practice  in  this  line,  and  are  more 
substantially  built  than  any  of  the  regular  commercial  types 
of  roller  bearings. 

Mr.  Rogers's  discussion  concludes  with  an  attack  on  the 
efficiency  of  the  cylindrical  roller  thrust  bearings.  While  the 
efficiency  of  this  cylindrical  roller  thrust  bearing  is  something 
over  95  per  cent.,  and  higher  than  any  form  of  ball  or  cone- 
roller  bearing  ever  used  in  its  place,  it  is  easy  to  see  how  the 
efficiency  of  this  form  of  thrust  bearing  might  be  reduced  to 
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almost  Jiny  extent  by  iiicreasin«^  ili»'  Icn^ili  of  (lie  rolls  iji  jiro- 
poi'tioii  to  their  radius  of  rotation. 

Eeplyiiig  io  Mr.  William  H.  Bryan's  diseussiou  :  First,  in 
regard  to  tlie  Ellithorpe  air  cuslihni,  iii  Mr.  Ellitli()i])e's  list  of 
references  are  27()  elevators  in  tlie  finest  buildings  in  most  every 
large  city  in  the  country.  The  relief  valve  performs  a  function 
impossible  to  produce  by  any  graduation  of  clearance  between 
the  car  and  the  enclosed  hoistway  where  tlie  car  falls  from 
varying  heights  with  varying  loads,  wherein  this  valve  is  ad- 
justed to  bring  the  car  to  a  stop  in  a  distance  of  such  propor- 
tion to  its  free  fall  as  to  avoid  accumulating  sufficient  pressure 
to  cause  the  car  to  rebound  and  "  teeter."  Neither  can  any 
graduation  of  clearance  between  car  and  hoistway  serve  the 
function  of  the  suction  valve,  which  materially  reduces  the 
partial  vacuum  caused  by  the  car  being  hoisted  out  of  the  air 
cushion  at  high  speed. 

As  neither  of  these  valves  depends  upon  tight  joints,  packing, 
or  any  kind  of  close  fits,  there  should  be  no  possibility  of  their 
getting  out  of  order. 

In  the  matter  of  wood  vcrs^/s  steel  guide  rails,  where  the 
hoistway  affords  solid  supports  near  enough  together  to  use 
a  plain  wood  post  to  fasten  the  wood  guide  rails  to,  a  first- 
class  job  can  be  erected  for  less  cost  than  steel  rails,  even 
when  the  posts  are  made  of  built-up  plants  of  kiln-dried 
white  pine,  which  is  the  best  timber*  for  this  purpose.  But 
when  the  building  only  affords  supports  at  each  floor  the 
usual  construction  is  to  build  the  wood  posts  in  between  the 
backs  of  two  channel  irons,  and  this  costs  more  than  steel 
rails. 

In  regard  to  comparative  efficiencies  of  single  and  double 
worm  gears,  I  did  not  intend  to  convey  the  idea  that  the  single 
worm  is,  or  could  be,  very  much  more  efficient  than  the  double 
worm  gear  ;  the  point  I  wish  to  emphasize  is  that,  as  it  is  2:)ossi- 
ble  to  get  as  much  or  greater  efficiency  out  of  a  single  w^orm 
gear  as  out  of  a  double,  there  is  no  object  in  using  the  latter, 
wdiich  is  the  larger  and  more  costly  machine  of  the  two. 

The  author  is  aware  that  there  are  several  successful 
hydraulic  elevator  plants  in  St.  Louis  using  pressures  of  about, 
800  pounds,  but  they  are  for  freight  duty,  and  j^lants  of  this 
pressure  for  high-speed  passenger  service  have  not  been  as 
successful  or  extensively  used  in  other  cities. 


KI-KVATOIiS. 


Tlio  (lirtoi'oiico  between  ]\\r  and  j^ross  loads  on  Sprague-Pratt 
electric  elevators  varies  very  raucli  with  tlie  conditiou  of  the 
Imildings  Avhere  they  are  used,  on  account  of  light  or  heavy 
cars  ;  heavy  cars  cannot  ho  o])erated  with  th(^  same  amount  of 
unbalanced  weight  as  light  cars,  and  the  different  requirements 
for  starting  and  stopping  time  also  affect  tlie  amount  of  un- 
balanced car,  so  that  machines  (^xactly  alike  in  every  particular 
would  vary  in  kilowatts  j^er  car-mile  under  e(|ual  live  loads  in 
different  buildings  to  a  great  extent.  Therefore,  the  character- 
istic curves  of  current  consumption  would  not  be  instructive 
unless  given  for  several  plants  covering  all  typical  conditions, 
which  would  exceed  the  limits  of  this  paper. 

J//'.  G.  H.  Hill. — Mr.  W.  II.  Bryan  refers  at  some  length  to 
the  2:)robable  results  of  certain  possible,  tliough  hardly  prob- 
able, conditions  of  an  elevator  installation  Avhere  the  load  is 
driving  the  motor  as  a  generator.  The  Avriter  has  never  known 
of  such  a  case  in  a  commercial  plant.  Where  the  elevators  are 
connected  to  the  street  mains,  it  is,  of  course,  quite  imjDossible, 
and  in  case  of  a  local  plant  it  is  quite  improbable  that  the 
generator  would  have  a  load  so  light  that  it  would  not  take  care 
of  the  return  current  from  one  or  two  elevators  running  under 
the  conditions  assumed  without  having  any  effect  upon  the 
generator  itself.  Even  if  the  generator  were  without  other  load 
than  tha.t  of  the  elevators,  the  effect  would  be  not  enough  to 
more  than  speed  tlie  generator  (as  a  motor)  a  little  above  its 
normal,  the  power  required  to  drive  the  engine  being  sufficient 
to  absorb  that  delivered  by  the  elevator.  As  the  line  resistance 
in  such  a  case  would  be  greater  than  usual,  the  elevator  would 
have  to  acqiiire  a  higher  potential  than  usual,  so  that  its  speed 
will  not  be  kept  so  constant.  Just  such  an  action  as  Mr.  Bryan 
speaks  of  did  actually  take  j^lace  at  a  test  of  one  of  the  Sprague 
Electric  Company's  type  "  S  "  elevators  for  the  Central  Loudon 
Railway  at  London.  These  machines  are  built  for  a  load  6i 
10,000  pounds  net  and  a  speed  of  200  feet  per  minute.  When 
the  first  machine  was  erected  for  trial  a  small  direct-connected 
unit  was  installed  solely  for  the  jnirpose  of  supplying  current 
for  the  test.  When  the  car  was  allowed  to  descend  wdth  a  full 
load,  the  current  returned  to  the  dynamo  was  sufficient  to  run 
the  dynamo  as  a  motor  and  its  engine  at  a  speed  that  created 
some  surprise.  The  installation  of  an  under-load  circuit 
breaker  served  to  prevent  the  recurrence  of  this  incident. 
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DCCCXXI.* 

THE  EQUIPMENT  OF    TALL    OFFICE  BUILDINGS  IN 

NEW    YORK    CITY. 

BY  REGINALD  PELHAM  BOLTON,  NEW  YORK   CITY. 

(Member  of  the  Society.) 

In  a  space  in  the  lower  part  of  New  York  City,  one  mile  in 
length  and  two-thirds  of  a  mile  in  average  breadth,  there  are  at 
present  located  some  fifty-six  buildings  exceeding  180  feet  in 
height,  Avhile  a  few  of  these  range  from  200  to  325  feet  from  the 
sidewalk  level.  The  demand  for  office  accommodation  in  this 
district  began  in  the  vicinity  of  the  Stock  Exchange,  and  has 
developed  buildings  up  the  line  of  Broadway  and  parallel  streets 
as  far  north  as  Franklin  Street  and  as  far  south  as  Bowlinor 
Green.  The  convenience  of  the  various  exchanges  has  grouped 
the  different  professions  and  contributing  trades  in  certain  dis- 
tricts, and  the  legal  profession  has  been  attracted  to  the  district 
around  the  municipal  buildings  and  the  courts  in  City  Hall  Park. 

While  at  first,  when  there  were  few  such  examples,  they  re- 
turned a  fairly  profitable  investment  without  much  regard  to 
economy  of  operation,  yet  in  recent  years  the  construction  of  so 
many  great  buildings  has  brought  about  a  sharp  competition 
which  has  called  attention  to  economical  equipment  and  opera- 
tion, and  has  directed  the  attention  of  engineers  to  the  problems 
which  they  offer. 

Cost  of  Land, 

The  cost  of  desirably  located  sites  has  been  of  recent  years 
greatly  on  the  increase,  and  in  certain  advantageous  positions  has 
reached  as  high  a  figure  as  $300  per  square  foot.  The  corner 
plot  on  which  the  German-American  fifteen-story  building  stands, 
111  feet  on  Liberty  Street  and  79  feet  2  inches  on  ]N"assau  Street, 
cost   $937,000,  or  about  $110  per  square  foot,  previous   to   the 

*  Presented  at  the  Washington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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projection  of  the  new  building,  and  was  later  on  purchased  for 
the  site  of  the  present  tall  building  at  $140  per  square  foot. 

The  land  on  which  the  Hudson  (sixteen-story)  building  stands, 
facing  45  feet  on  lower  Broadway,  extending  225  feet  to  New 
Street,  was  purchased  some  years  ago  for  an  average  rate  of  $65 
per  square  foot,  and  would  for  the  purpose  of  the  present  increased 
building  be  worth  more  than  double  that  amount.  An  average 
value  of  sites  for  such  buildino^s  as  are  under  discussion  would 
now  be  $150  per  square  foot.  A  recent  purchase  of  1,Y36  square 
feet  of  ground  by  the  Stock  Exchange  on  Broad  Street  is  at  the 
rate  of  $244  per  square  foot,  while  an  extreme  was  reached  by 
the  price  of  $330  per  square  foot  paid  in  1882  for  a  very  desirable 
corner  site  in  the  same  neighborhood. 

Increased  Returns. 

Such  large  amounts  as  these  values  represent  naturally  call  for 
a  large  return  from  the  building  occupying  the  site,  such  return 
being  obtainable  in  the  old  five-  and  six-story  buildings  only  by 
means  of  increased  rentals.  High  rentals  had,  however,  the  reflex 
effect  of  drivino^  tenants  to  less  advantao^eous  locations  in  rear 
streets  until  the  heio:ht  attainable  in  the  modern  buildings  effected 
a  combination  of  improved  accommodation  at  a  reasonable  price. 
The  effect  of  the  above  natural  causes  has  been,  therefore,  even 
with  a  greatly  enhanced  cost  of  the  site,  a  reduction  in  renting 
charges  proportioned  to  the  increase  in  rentable  area.  The  com- 
petition between  the  various  buildings  has  brought  the  minimum 
rate  down  from  $3  per  square  foot  to  below  $2  per  square  foot  of 
office  space,  and  includes  in  this  charge  light,  heat,  attendance, 
cleaning,  and,  of  course,  elevator  service. 

Relative  Increase. 

It  may  be  roughly  estimated  that  the  increased  height  of  the 
downtown  buildins^s  referred  to  has  added  to  the  inhabitable 
area  not  less  than  7,500,000  square  feet.  Illustrating  the  relative 
increase  of  value  obtained  by  height,  the  four-  and  five-story  build- 
ings occupying  the  site  of  the  present  German-American  Building 
represented  a  renting  area  of  not  more  than  6,000  square  feet  per 
floor,  which  at  the  old  rates  of  about  $3  per  square  foot  per 
annum  may  have  produced  a  gross  rental  of  as  much  as  $70,000 
per  annum  when  filled,  but  even  this  represented  only  6  per  cent. 
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on  the  real  value  of  the  land  alone.  The  new  build  in  f,^  has  a  net 
renting  area  of  about  7,000  square  feet  per  floor,  producing  on 
fourteen  upper  floors,  even  at  the  lo\r  average  of  $1.60  per  square 
foot,  $156,000,  in  addition  to  which  are  two  large  ground-floor 
banking  parlors  producing  about  $17,000  and  $12,000  per  annum 
respectively,  also  a  basement  restaurant  bringing  in  $3,000,  or  a 
gross  return  of  $188,000  per  annum,  an  increase  of  two  and  a 
half  times  as  much  as  the  old  buildings.  On  a  cost  for  building 
and  equipment  of  $650,000,  and  of  land  $937,000,  or  $1,587,000 
in  all,  a  gross  return  of  nearly  12  per  cent,  is  thus  attained.  The 
cost  of  management,  operation  of  equipment,  and  city  taxes 
naturally  form  a  large  increase  on  the  same  items  in  old  buildings, 
but  under  good  management  and  economy  do  not  exceed  50  per 
cent,  of  the  gross  rental.  It  will  be  evident  that  the  economical 
operation  of  the  equipment  forms  a  decided  factor  in  the  net 
balance  available  for  interest. 

As  a  mortgage  can  be  placed  on  such  a  building  and  land  for  six- 
tenths  of  its  value  at  a  rate  not  exceeding  4  per  cent.,  the  net  re- 
turn on  the  actual  capital  sunk  in  such  a  building  may  be  very  high  ; 
nevertheless  wasteful  appliances  and  accompanying  cost  of  man- 
agement reduce  the  return  in  many  instances  down  to  3  per 
cent.  Once  such  buildings  with  moderate  rentals  and  greatly  in- 
creased advantages  are  established,  they  form  a  strong  incentive 
to  the  erection  of  other  buildings  of  similar  or  superior  character 
owing  to  gradual  abandonment  of  the  older  buildings  by  tenants, 
in  favor  of  those  where  they  find  better  conditions.  The  sanitary 
appliances  in  the  older  buildings  were  and  are  extremely  behind 
the  times,  and  have  in  numerous  cases  been  the  cause  of  tenants' 
removal.  The  old  three-  and  four-story  buildings  on  the  site  of 
the  Bowling  Green  Building,  from  the  above  causes,  became 
unremunerative  and  some  were  closed  up  to  avoid  taxation.  The 
site,  which  fronts  157  feet  on  Broadway,  extends  170  feet  through 
to  Greenwich  Street,  and  was  valued  at  a  million  dollars  by  the 
building  company.  On  this  site  the  Bowling  Green  Building  has 
been  erected,  which  is  the  largest  commercial  office  building  in 
New  York  City,  being  240  feet  6  inches  average  height  from 
street  levels,  and  of  a  gross  content  of  4,915,000  cubic  feet,  with 
a  floor  area  of  20,555  square  feet  on  fifteen  upper  floors,  and  of 
32,000  square  feet  on  the  ground  floor  and  first  basement,  the 
sub-basement  being  devoted  to  mechanical  services  and  storage. 
In  this  instance  the  increase  in  acreage  has  been  enormous,  the 
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original  80,000  being  niised  to  5(57,500  square  feet,  or  fully  four 
times  greater  renting  area  than  before.  The  total  cost  of  the 
building  was  close  on  two  'million  dollars,  and  owing  to  the  re- 
markable economy  of  its  equipment  and  management  it  has  been 
able  to  pay  its  way  when  not  more  than  five-eighths  occupied. 

Size  of  Buildings. 

The  best  method  of  comparison  of  size  is  that  afforded  by  bulk. 
Representative  instances  are  the  following  : 

The  Bowling  Green  Offices,  16  stories  above  street,  235  feet 
high,  5,000,000  cubic  feet  gross  contents. 

New  York  Life  Building — partly  insurance — 16  stories,  4,800,- 
000  cubic  feet. 

Manhattan  Life  Building — partly  insurance — 17  stories  and 
tower,  270  feet  high,  1,665,000  cubic  feet. 

Lord'sCourt  building— offices— 220  feet  high,3,000,000cubic  feet. 

American  Surety  Building — partly  insurance — 21  stories,  305 
feet  high,  2,176,000  cubic  feet. 

These  represent  either  abnormal  height  or  bulk,  and  of  them 
the  Bowlino^  Green  and  Lord's  Court  buildino^s  are  those  built  on 
a  strictly  commercial  basis. 

The  representative  commercial  office  building  now  averages 
200  feet  high,  and  of  these  there  are  now  a  large  number. 

Average  samples  are : 

The  Central  Bank  Building,  16  stories,  1,980,000  cubic  feet. 

The  German-American  Building,  15  stories,  1,400,000  cubic  feet. 

The  Hudson  Building,  16  stories,  1,500,000  cubic  feet. 

R.  G.  Dun  Building,  15  stories,  1,200,000  cubic  feet. 

The  above  buildings  also  afford  an  opportunity  for  interesting 
comparison  on  account  of  the  dissimilarity  of  their  elevator 
systems : 

Boilers. 
1.  Bowling  Green  Offices,  9  hydraulic  elevators 720  horse-power 

?.  Lord's  Court  building,  5  electric  elevators 420  "  " 

3.  Central  Bank  Building,  5  hydraulic  elevators 460  "  " 

4.  German  American,  5  electric  elevators  320  "  " 

5.  Hudson  Building,  4  hydraulic  elev^ators 500  "  " 

6.  R.  G.  Dun  Building,  6  electric  elevators *. . .  600 

All  of  the  above  have  been  equipped  to  the  plans  of  the  author, 
and  are,  with  the  exception  of  the  last,  heated   by  the  Webster 
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system  of  vacuum  returns  with  exhaust  steam  at  atmospheric 
pressure. 

The  boiler  capacity  includes,  in  all  but  the  last  instance,  a  spare 
or  reserve  boiler.     The  11.   G.  Dun  Building  has  a  single. pipe- 
back-pressure  system  of  steam  heat,  and  has  only  two  boilers, 
both  being  in  use  in  exti'eme  weather. 

The  services  provided  in  each  are : 

1.  Car-miles  per  hour,  14  to  20  ;  lights,  6,200.  .  .Bolton  vertical  system  of  wiring 

2. 

3. 

4.  '*  " 

5. 


Total  Cost. 

The  cost  of  average  steel-framed  16-story  office  buildings  com- 
plete with  equipment,  and  inclusive  of  a  moderate  amount  of 
decorative  outside  treatment  in  stone  machine  mouldings  or  in 
terra  cotta,  without  hand  stone-carving,  is  36  to  40  cents  per  cubic 
foot  of  the  gross  cubic  content,  outside  measurement.  The  ex- 
cessively high  buildings  cost  more,  also  those  with  expensive 
adornments.  The  relative  cost  of  the  mechanical  appliances, 
including  power,  elevators,  heat,  light,  and  sanitation,  is  approxi- 
mately one-seventh  of  above.  The  total  cost  of  mechanical  appli- 
ances in  a  building  of  16  stories,  basement,  and  sub-basement,  say 
6,000  square  feet  renting  area  per  floor,  was  $82,000. 

Or  in  detail : 

Cost. 

Chimney $1,200  to  $2,500 

Boiler  plant 9,000  to  11,000 

Four  to  six  elevator  plant 28,000  to  40,(j00 

Heating  appliances  and  piping 14,000  to  17,000 

Electric  wiring  and  switchboard  9,000  to  15,000 

Engines  and  generators 8,000  to  10,000 

Sanitation  and  fixtures 12,000  to  15,000 

The  effect  of  an  increase  in  the  cost  of  these  appliances,  if  the 
same  be  productive  of  economy  and  advantage  in  operation,  is 
very  much  less  in  proportion  than  its  importance  to  the  owner. 
For  instance,  the  diffei'ence  in  the  above  comparative  costs  would 
amount  to  $26,000,  say  4^  per  cent,  on  gross  cost  of  building, 
which  would  represent  fully  50  per  cent,  more  convenience  and 
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the  best  appliances  for  economy  throughout.  It  has,  however, 
been  difficult  at  times  to  induce  owners  to  spend  on  economical 
appliances  a  small  fraction  of  the  sum  laid  out  on  non-remu- 
nerative outside  or  interior  adornment. 

The  difference  between  a  compound  and  a  triple-expansion 
pump  may  be,  say,  $1,500,  and  be  begrudged,  while  the  difference 
between  marble  trim  and  other  substitutes  in  the  hall  will  be 
$15,000  and  be  freely  expended. 

These  are  difficulties  met  by  engineers  everywhere,  yet  in  no 
case  do  they  appear  so  forcibly.  It  is  satisfactory  to  relate  that 
such  instances  have  been  rather  due  to  the  present  faulty  system 
of  letting  general  contracts  inclusive  of  machinery  than  to  the 
owners'  short-sightedness  as  regards  the  advantage  offered. 

Equij)ment. 

The  value  of  office  buildings  to  the  business  community  is 
based  on  the  improvements  they  offer,  which  are  chiefly  of  a 
mechanical  character,  and  further  examination  of  the  require- 
ments will  make  it  evident  that  the  importance  of  the  mechanical 
equipment  considerably  outweighs  the  value  of  any  architectural 
features. 

The  details  of  direct  interest  to  mechanical  engineering  science 
in  these  great  buildings  may  be  grouped  as  follows  : 

The  character  and  arrangement  of  mechanical  plant. 

Elevator  service  and  the  limitation  of  the  height  of  buildings 
by  the  proportions  of  same. 

Piping  and  connections. 

The  power  plant,  chimneys,  coal  supply,  feed-heating,  and  waste 
heat. 

Heating,  ventilation,  and  refrigeration. 

Fire  protection  and  water  supph^ 

Electric  lighting,  wiring,  generators,  and  storage  batteries. 
Telephone  and  electrical  services. 

It  will  be  obvious  on  a  moment's  thought  that  each  one  of  these 
subdivisions  is  of  sufficient  importance,  if  treated  with  any  fullness, 
to  exceed  the  limits  of  a  single  paper.  It  is  the  object  of  the 
author  at  present  to  refer  briefly  to  some  of  the  problems  con- 
nected with  the  arrangement  of  the  mechanical  plant  of  such  an 
office  buildino^,  as  determined  bv  the  usual  conditions  which  are 
prescribed. 
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Location  of  Piers,  Etc. 

The  author's  remarks  are  not  intended  to  comprehend  the  de- 
tails of  the  framing  or  building  construction  of  these  tall  build- 
ings, except  in  so  far  as  they  relate  to  the  mechanical  equipment 
required  to  operate  them,  but  a  brief  resume  is  necessary  of  the 
features  of  New  York  practice  in  respect  to  pier  and  foundation 
construction  which  bear  on  the  subject  of  the  arrangement  of  the 
plant. 

The  lower  portion  of  New  York  City  is  composed  of  rock  and 
sand,  the  rock  being  very  irregular  in  outline,  but  roughly  com- 
posing a  ridge  or  hump  on  the  line  of  Broadway,  often  dropping 
off  abruptly.  The  sand  is  the  floor  of  the  glacial  river-beds  east 
and  west,  and  is  firm  and  affords  a  good  foundation.  At  the 
extreme  end  of  the  promontory  and  along  the  west  shore  there  is 
a  good  deal  of  made  ground,  but  only  one  of  the  tall  buildings 
with  which  the  author  has  been  associated  trenched  upon  this, 
and  in  that  case  was  carried  below  its  level.  Where  the  sand 
overlays  the  rock  in  a  shelving  form,  the  foundations  are  carried 
to  the  rock,  but  a  number  of  buildings  exceeding  200  feet  in 
height  have  had  their  columns  set  on  isolated  concrete  piers  laid 
on  the  sandbed. 

Such  piers  are  usually  6  feet  square  at  the  base,  are  2  to  4 
feet  thick ;  on  top  is  set  the  shoe  of  the  column  upon  a  plate 
about  4  feet  square. 

The  columns  formino:  the  walls  are  similarly  treated,  but  the 
piers  are  usually  united  by  a  footing  of  concrete  on  which  the 
curtain  walls  are  run  up.  These  piers  have  to  be  avoided  in 
arranging  foundations  for  machinery  or  in  laying  subsoil  piping. 

In  one  instance,  that  of  the  German- American  Building,  where 
the  foundation  was  on  sand,  the  Chicago  method  was  followed, 
of  spreading  the  bases  over  the  entire  area  by  a  gridiron  of 
I-beams,  the  lower  series  extending  to  a  width  of  11  feet,  making 
the  location  of  machinerv  a  verv  difficult  problem.  The  accom- 
panjnng  plan  illustrates  the  arrangement  of  machinery  effecting 
this  result. 

In  the  Bowline:  Green  Buildino^  manv  of  the  columns  could 
have  been  set  on  the  bare  rock,  on  the  northern  half  of  the  build- 
ing, but  the  concrete  blocks  were  required  by  the  regulation  of  the 
Department  of  Buildings,  and  the  rock  was  blasted  out  for  the 
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purpose.  The  rock  shelved  off  towards  the  Hudson,  and  degen- 
erated into  a  conglomerate,  which  proved  to  be  watery,  reaching 
to  the  original  shore  of  the  river  within  historic  times,  where 
made  ground  began.  The  natural  water  level  is  above  the  sub- 
basement. 

In  the  Hudson  Building,  just  across  Broadwa}^,  the  same  depth 
of  excavation  did  not  expose  the  rock,  and  piles  were  driven  about 
20  to  30  feet  through  sandy  clay  to  bedrock,  the  Avater  level 
standing  about  2  feet  below  the  sub-basement  level. 

Tlie  method  of  support  of  this  building,  which  was  designed  by 
Mr.  Henry  Hodge,  M.  Am.  Society  of  Civil  Engineers,  consisted 
of  a  concrete  bed  formed  on  the  pile  tops,  standing  on  which  are 
exposed  plate  girders,  5  feet  deep,  across  the  sub-basement,  on 
which  the  columns  stand.  Within  the  spaces  thus  formed,  the 
plant  had  to  be  arranged,  which  was  accomplished  as  shown  in 
the  accompanying  plan. 

In  the  Lord's  Court  building  there  is  no  sub-basement,  but 
advantage  was  taken  of  the  difference  in  level  between  the  street 
and  the  Lord's  Court  at  the  rear  to  afford  air  and  light  to  engine 
and  boiler  rooms.  This  building  is  carried  on  brick  piers  under 
each  column  in  the  usual  manner.  In  all  buildings  the  columns 
and  bases  are  cased  in  with  fireproof  brick  or  terra  cotta. 

Sjpace. 

The  general  practice  now  provides  a  sub-basement  for  the  pur- 
poses of  the  plant,  providing  much  more  space  than  could  be 
afforded  nearer  the  street.  Yet  such  are  the  demands  of  busi- 
ness that  even  sub-basement  space  is  valuable,  and  cannot  alto- 
gether be  devoted  to  the  engineer.  Such  sub-basements  are  also 
very  difficult  places  to  provide  with  air  and  light,  for  which  a 
very  early  demand  must  be  made,  if  they  are  to  be  secured.  The 
height  generally  is  not  less  than  10  feet,  which,  however,  is 
insufficient  for  water-tube  boilers ;  therefore  the  fireroom  is 
usually  excavated  to  a  further  depth,  exposing  the  bases  of  col- 
umns and  frequently  going  below  the  water  line. 

In  laying  out  the  four  arrangements  illustrated  in  Figs.  305,  306, 
307  and  308,  the  guiding  consideration  has  been  to  so  locate  the 
boilers  that  the  fireroom  will  have  a  natural  supply  of  light  and  air, 
and  shall  be  readily  accessible  from  the  engine  room.  The  author  has 
departed  in  each  instance  from  the  practice  of  placing  the  boiler^ 
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under  the  sidewalk,  and  has  preferred  even  so  h)ng  a  flue  as  that 
in  the  Bowling  Green  Building,  which  is  240  feet  in  length,  to  a 
less  advantageous  position  for  the  fireroom.  It  must  be  recorded 
that  the  location  of  the  chimney  is  usually  fixed  beforehand  by 
the  architect.  In  the  Bowling  Green  Building  it  could  hardly 
have  been  in  a  worse  position.  In  the  Lord's  Court  building 
the  shape  is  faulty. 

The  disposition  of  the  main  engines  and  pumps  is  chiefly 
decided  by  the  position  of  the  foundations  of  columns,  and  the 
necessity  of  access  and  repair.  The  arrangement  of  auxiliary 
pumps  is  such  that  they  shall  be  so  readily  reached  by  the  fireman 
that  it  shall  be  unnecessary  for  the  engineer  to  stand  by  them  at 
all  times. 

This  also  enables  the  engineer,  at  certain  hours  of  light  duty, 
to  attend  to  the  firing. 

The  relative  position  of  the  coal  storage  to  the  fireroom  is  of 
less  consequence  than  its  proportions.  The  fireman  may  easily 
attend  to  his  own  coal-passing  if  provided  with  a  track.  But 
unless  the  coal  storage  is  large  a  coal  trimmer  must  be  kept  to 
receive  the  daily  supply.  Trimming  in  the  store  costs,  in  certain 
buildings,  5  to  15  cents  per  ton.  Such  a  large  storage  as 
the  Bowling  Green,  which  can  contain  420  tons,  has  been  found 
of  advantage  in  reducing  the  price  of  fuel  about  10  cents  per 
ton,  as  it  is  not  required  to  be  delivered  at  any  particular  hour. 

Buildings  on  Broadway  are  not  permitted  to  receive  coal  or 
remove  ashes  and  paper  during  certain  hours,  and  consequently 
have  to  pay  more  for  each  convenience.  The  cost  of  removal  of 
ashes  under  such  conditions  is  65  cents  per  truckload ;  but 
where  the  ash  cans  can  be  taken  at  any  time,  as  on  a  rear  street, 
the  city  removes  without  cost. 

Labor. 

A  considerable  variety  and  extent  of  labor  is  required  in  oflBce 
buildings,  and  may  be  reduced  by  carefully  planned  arrangements 
and  appliances. 

The  general  superintendence  is  commonly  delegated  to  a  rent- 
ing agent,  who  is  paid  by  a  percentage  of  3  to  5  per  cent,  on 
the  rentals  received.  The  actual  duty  of  superintendence  then 
falls  on  an  employee  who  has,  generally,  a  number  of  such  build- 
ings in  charge,  which  are  therefore  largely  left  to  the  mercy  of 


882    THE   EQUIPMENT   OF   TALL   OFFICE   BUILDINGS   IN   NEW  YORK   CITY. 

the  janitors.  A  better  method  is  followed  in  some  buildings  by 
the  addition  of  the  duty  to  that  of  the  chief  engineer,  when  much 
closer  supervision  over  details  of  operation  is  possible. 

The  rates  of  wages  per  week  are  as  follows  in  an  average 
sixteen-story  building : 

One  janitor,  without  residence $15 

One  doorman,  or  hall  porter $10  to  12 

One  car  starter,  with  uniform 12  to  14 

Four  to  six  elevator  boys,  with  uniform 10  to  12 

Three  window  cleaners 8  to  10 

One  toilet  cleaner 8  to  10 

Twenty  to  thirty  scrubwomen  (5  to  9  p.m.,  6  to  9  a.m.) 6  to    8 

One  watchman 10 

and  the  following  in  the  engineering  department : 

One  chief  engiaeer $25  to  $31  50 

One  assistant  engineer 20  to    22 

One  electric-elevator  man 20 

One  electrician 18  to    20 

One  night  engineer 15 

One  leading  fireman 16 

One  assistant,  or  night  fireman 13  to    14 

One  coal  passer  and  ashman 12 

One  oiler 12 

City  Ordinances. 

The  chief  engineer  must  carry  a  police  certificate,  and  the 
assistant  engineers  generally  do  so,  while  some  work  on  a  fire- 
man's certificate.  Firemen's  certificates  are  issued  by  the  Police 
Department  after  an  oral  examination  by  the  Chief  Inspector  of 
Boilers. 

This  department  has  power  to  inspect  and  test  boilers  operat- 
ing over  10  pounds  pressure  per  square  inch,  and  to  issue  fire- 
men's licenses  for  same. 

Inspection  is  rarely  exercised,  and  the  test  is  simply  the  hydro- 
static application  of  double  w^orking  pressure.  The  inspectors 
have  no  authority  to  deal  with  improper  settings,  proportions,  or 
connections,  but  do  usually  require,  where  more  boilers  than  one 
are  set  in  battery,  two  separate  stop  valves  to  each  boiler,  with 
a  drip  bet^veen  the  two,  without  which  they  decline  to  make 
the  test. 

The  Department  of  Buildings  has  power  to  prevent  the  opera- 
tion of  any  electrical  power  plant  which  does  not  comply  with 
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its  electrical  regulations,  for  which  it  issues  an  operating  license 
to  the  owner. 

The  departments  of  Health  and  of  Buildings  have  excellent 
regulations  regarding  sanitary  appliances,  but  the  Health  ordi- 
nance respecting  the  exclusion  of  steam  and  vapor  from  the  sewers 
is  constantly  violated. 

It  is  remarkable  that  the  onlv  trade  em])loved  in  these  larsre 
buildings  which  is  subject  to  no  regulation  or  supervision  by 
authority  is  that  of  steamfitting.  "With  the  sole  exception  of  a 
building  requirement  as  to  the  protection  of  pipes  concealed  in 
proximity  to  w^oodwork,  no  demand  can  be  made  on  them  by 
authority,  notwithstanding  the  numerous  accidents  which  have 
been  caused  by  faulty  steam-piping. 

Another  matter  demanding  extension  of  authority  is  the  dis- 
charo^e  of  heated  air  on  sidewalks  from  the  eno^ine  and  boiler 
rooms  of  office  buildino^s. 


o 


Street  Supplies. 

There  are  in  New  York  extensive  purvej^ors  of  electricity,  both 
direct  and  alternating  currents,  and  steam  under  pressure. 

The  latter  extends  over  the  greater  portion  of  the  downtown 
district.  All,  as  well  as  gas  and  water,  naturally  demand  con- 
sideration as  to  their  use  in  operating  plants. 

The  author,  in  comparing  cost  of  these  supplies  with  the  ex- 
pected results  of  an  independent  plant,  has  found,  at  existing 
prices,  the  advantage  to  be  in  favor  of  the  latter. 

Steam. 

The  steam  supply  is  provided  over  the  downtown  portion  of  the 
city  at  a  pressure  of  TO  pounds  per  square  inch,  while  an  economi- 
cal use  can  be  made  in  these  buildings  of  100  or  120  pounds  pres- 
sure. The  price  of  the  steam  supply  is  proportioned  on  the  extent 
of  its  use,  yet  on  largest  and  lowest  basis  it  is  in  excess  of  the  cost 
of  local  generation  of  steam.  The  case  may  be  the  reverse  in 
smaller  buildings,  chiefly  by  reason  of  an  economy  in  labor,  but  in 
the  laro^e  office  buildino^s  a  staff  of  men  is  necessarv  for  main- 
tenance  and  emergency  work,  and  the  wages  of  one  fireman  only 
represents  about  16  per  cent,  of  the  full  bill  in  an  average 
building. 
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The  New  York  Steam  Company  liave  abandoned  their  attempt 
to  regain  the  condensed  water  from  these  buildings,  their  efforts 
having  proved  futile  with  their  past  apparatus.  Consequent!}^ 
their  steam  is  raised  under  less  favorable  conditions  than  is  the 
case  in  the  laro-e  build ino^s. 

It  would  seem  that  successful  extension  of  this  steam  supply  in 
future  largely  depends  on  the  adoption  of  the  modern  methods  by 
which  this  desirable  feature  can  be  assured,  and  their  prices  of 
steam  thereby  reduced.  The  difficulty  of  disposal  of  the  hot  con- 
densed water  from  the  large  buildings  is  an  objection  to  the  use 
of  this  service. 

Gas. 

At  the  present  price  of  $1.10  per  thousand  cubic  feet  of  gas  a 
brake  liorse-power-hour  can  be  obtained  by  a  gas  engine  for  a  cost 
of  2  cents.  This  is  certainly  a  low  figure,  and  one  that  enters 
very  closely  into  competition  with  steam.  There  are,  however, 
certain  disadvantages  in  the  use  of  gas  engines  for  these  large 
buildings,  which  have  hitherto  deterred  the  author  from  their 
adoption.  The  great  size  of  the  units- required  is  one,  the  liability 
to  noise  and  to  vibration  is  another.  As  the  machines  would  be 
situated  in  the  basement,  the  least  vaporous  smell  of  gas  would  be 
promptly  objected  to  by  tenants. 

The  question  of  irregularity  of  motion  in  lighting  work  can,  no 
doubt,  be  disposed  of  by  combination  with  a  storage  battery. 

The  same  remarks  apply  to  the  use  of  the  petroleum  engine, 
which,  however,  is  at  present  limited  to  units  of  not  exceeding  50 
effective  horse-power.  With  these  economical  machines  one  brake 
horse-power  can  be  obtained,  at  present  prices  of  oil,  for  1  cent 
per  hour. 

Electricity. 

The  electric  supply  of  the  illuminating  companies  forms  the 
most  serious  competitor  with  an  independent  plant.  At  present 
prices  for  power  the  nominal  rate  is  10  cents  per  horse-power-hour 
by  meter,  and  users  of  large  quantities  can  scale  this  rate  down  to  as 
low  as  4  cents  per  electrical  horse-power-hour  on  a  use  of  10,000 
horse-power-hours  per  annum,  with  a  still  further  reduction  of 
about  one-half  cent  if  a  storage  battery  be  adopted. 

But  although  the  offer  is  of  a  temptingly  simple  and  apparently 
advantageous  character,  a  still  further  reduction  in  rates  is  re- 
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quired  before  the  supply  can  compete  witli  the  results  of  a  really 
economical  indepeiuh^it  plant.  This  reduction  is  probable,  and,  in 
combination  with  the  storage  battery  and  electric  pumi)ing  for 
hydraulic  elevators,  the  question  will  have  to  be  reconsidered  in 
the  future.  The  charges  must,  of  course,  be  increased  by  the  cost 
of  maintenance  and  interest  on  cost  of  the  battery. 

At  the  time  of  the  establishment  of  the  Bowlinof  Green  lUiildino* 
a  careful  computation  showed,  at  the  net  price  for  lighting  current 
of  8  cents  per  kilowatt-hour,  including  lamp  renewals,  and  at  the 
then  price  for  elevator  power  of  7  cents  per  kilowatt-hour,  an 
advantage  in  favor  of  an  independent  plant  exceeding  §5,000 
per  annum.  The  i^esults  of  operation  have  shown  a  still  larger 
advantage,  as  the  plant  was  debited  with  the  services  of  an  engine- 
room  staff  of  nine  men,  whereas  it  is  now  operated  bv  onlv  five 
hands. 

The  item  which  largely  operates  in  this  comparison  is  the  util- 
ization of  exhaust  steam  in  house-heating  for  the  100  or  120  days 
of  cold  weather. 

The  cost  of  a  horse-power-hour  for  power,  oil,  and  repairs, 
generated  by  an  independent  plant,  may  be,  with  economic 
arrangements,  as  low  as  2^^  cents,  and  a-  fair  figure,  inclusive  of 
interest  and  depreciation,  is  2^q  cents ;  adding  one-half  share  of  all 
engineering  labor,  which  is  more  than  its  due,  a  covering  figure  is 
Sj\  cents. 

The  installation  of  an  independent  plant  has,  so  far,  been  decided 
by  these  considerations  and  by  its  relative  superior  economy.  In 
future  it  is  quite  possible  that  this  economy  will  be  on  the  other 
side,  but  the  use  of  such  plants  Avill,  nevertheless,  probably  con- 
tinue on  the  ground  of  the  desirability  of  independence  of  outside 
supplies. 

Such  an  argument  recently  received  forcible  illustration  when 
the  entire  steam  supply  of  the  New  York  Steam  Company  was 
cut  off  by  the  action  of  a  Water  Department  foreman,  in  turning 
off  a  valve  in  the  main,  the  steam  heat,  elevators,  and  lights  of 
upwards  of  four  hundred  buildings  being  cut  off  from  3  p.  m.  to  9 
P.M.,  causing:  most  serious  disoro^anization  and  loss. 

The  above  considerations  are  those  which  lead  up  to  and  affect 
the  decision  to  employ  and  install  an  independent  plant  in  office 
buildings,  such  as  those  described  in  this  paper. 
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DISCUSSION. 

Mr.  William  IT.  Bryan. — Mr.  Bolton  has  "  filled  a  long-felt 
want"  in  placing  on  record  Lis  figures  as  to  value  of  ground  space, 
dimensions  of  building,  cost  of  mechanical  plant,  salaries  of  em- 
])loyees,  cost  of  outside  steam  and  electrical  service,  and  the  cost  of 
generating  ]w\ver  in  isolated  plants.  Experience  in  large  build- 
ings in  St.  ].ouis  is  similar.  In  nearly  every  instance  it  has  been 
found  that  electrical  service  can  be  generated  more  cheaply  in  an 
isolated  plant  than  it  can  be  purchased  from  an  outside  company, 
even  at  the  special  rates  usually  given  to  this  class  of  service.  The 
only  exceptions  are  where  there  may  be  an  abnormally  high  de- 
mand for  lighting  or  power  at  a  time  when  the  plant  of  the  central 
station  is  underloaded,  under  which  conditions  very  attractive  rates 
are  made.  The  advantage  of  the  isolated  plant  lies  in  the  fact 
that  for  nearl}^  one-half  of  the  3^ear  coal  must  be  burned  for  heat- 
ing anyway,  which  heating  can  be  done  quite  as  satisfactorily  with 
exhaust  steam  from  power  engines,  with  practically  no  additional 
cost  for  fuel. 

The  basement  plans  w^hich  Mr.  Bolton  submits  are  interesting. 
I  was  particularly  impressed  with  the  large  coal  storage  space 
which  is  always  provided,  and  the  distance  which  the  coal  must 
be  transported  to  reach  the  boilers.  The  use  of  so  much  valuable 
space  for  coal  storage,  and  the  necessity  of  repeated  handling  of 
the  fuel,  seem  undesirable  features.  My  own  practice  is  to  arrange 
the  coal  storage  space  immediately  in  front  of  the  boilers,  and 
make  it  large  enough  to  hold  onl}'"  two  or  three  days'  supplv. 
The  coal  is  dumped  directly  from  the  street  into  this  space,  and 
fired  directly  into  the  boilers.  This  location  usually  affords  ample 
light  and  air. 

The  great  length  of  smoke  flue,  and  the  number  of  abrupt 
bends,  would  ordinarih^  be  considered  objectionable,  but  with  a 
chimney  200  feet  high  or  more  the  draft  is  no  doubt  ample  to 
overcome  the  increased  friction. 

The  advantages  of  the  electric  elevator  in  simplicity  and  arrange- 
ment of  generating  plant  are  well  shown  by  comparing  Fig.  306 
with  the  others. 

"-  I  would  like  to  ask  Mr.  Bolton  whether  the  storage  battery 
belongs  to  the  building  or  to  the  Central  Edison  Company.  I 
bad  an  impression  that  the  battery  in  that  building  was  a  part  of 
the  Edison  Company's  system. 
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M7\  E.  P.  Roherts. — Not  having  had  any  personal  experience  in 
designing  engineering  equipment  for  buildings  in  New  York  City, 
I  can  merely  note  certain  points  in  the  article  from  the  standpoint 
of  one  who  has  had  experience  in  designing  similar  equipments  in 
other  cities. 

I  note  that  Mr.  Bolton  considers  that  the  necessity  often  forced 
upon  the  engineer  in  specifying  machinery  which  is  not  the  most 
economical,  all  things  considered,  for  the  given  conditions  is  due 
to  the  letting  of  general  contracts  inclusive  of  machinery,  rather 
than  the  owners'  short-sightedness  as  regards  the  possible,  or 
rather,  sure,  advantage  of  machinery  of  greater  first  cost.  If  such 
is  the  case  in  New  York,  the  owners  have  been  educated  up  to  a 
higher  plane  in  such  matters  than  exists  in  some  other  places. 
Very  often  the  owner  leaves  all  matters  to  the  architect,  who 
desires  to  erect  a  building  having  as  handsome  architectural  fea- 
tures as  possible,  and  still  at  the  minimum  cost.  This  is  certainly 
proper,  but  in  order  to  keep  down  the  cost  he  prepares  preliminary 
estimates  for  machinery  possibly  of  a  reliable  character,  but  not 
unlikely  less  efficient  than  the  case  justifies.  Yery  often  he  ob- 
tains his  figures  from  contractors  who  desire  to  stand  well  with 
him,  and  who  do  not  wish  to  be  considered  "  high  "  men,  and 
therefore  give  figures  for  cheap  installations.  If  an  engineer  is 
afterward  employed  and  advises  more  expensive  material,  it  is 
much  more  difficult  to  obtain  the  necessary  money  than  it  would 
have  been  in  the  first  instance. 

If  the  client  and  also  the  architect  not  only  appreciate  the  fact 
that  the  expenses  of  operating  the  machinery  are  a  very  consider- 
able portion  of  the  total  operating  expenses  of  the  building,  but 
also  that  a  very  slight  modification  makes  a  difference  of  at  least 
10  per  cent,  in  such  expenses,  there  would  be  greater  probability 
that  the  most  desirable  plant  would  be  installed,  and  that  an 
engineer  would  be  engaged  at  the  start. 

Men  about  to  erect  a  building  often  think  that  the  architect 
should  know  all  about  it,  and  that  they  do  not  need  an  engineer, 
much  less  one  who  has  paid  special  attention  to  such  matters. 
The  architect  himself  does  not  usually  appreciate  the  fact  that  an 
engineer  is  needed,  and  if  he  does,  does  not  disabuse  the  owner's 
ideas  upon  the  subject.  The  writer  has  had  experience  with  both 
clients  and  architects  who  did  appreciate  it,  but  believes  that 
they  are  rare.  For  example,  we  have  had  bids  brought  to  us  to 
advise  which  was  the  best  to  accept,  and  the  machinery  bid  on 
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was  SO  varied  in  size  and  cliaracter  that  no  comparison  could  be 
made,  and  we  have  so  stated.  Kevertheless,  the  architect  made  a 
contract  with  one  of  the  bidders,  and  if  he  obtained  the  best 
results  for  the  least  money  it  was  a  happy  coincidence. 

We  have  been  asked  to  state  what  sizes  of  boilers  were  needed 
for  a  certain  building,  without  giving  us  any  information  more  than 
that  a  certain  number  of  elevators  were  to  be  operated,  and  a  fan 
for  heating  and  ventilating,  and  also  that  there  would  be  direct 
radiation.  A  request  for  information  as  to  size  of  pumps,  speed 
of  elevators,  and  number  of  trips  per  hour,  and  size  of  fan  and 
heating  surface  to  be  used,  and  the  amount  of  direct  radiation,  and 
also  request  as  to  size  of  stack  provided  by  the  architect,  and 
character  of  furnace,  was  met  by  the  answer  that  it  was  con- 
sidered that  such  refinement  was  unnecessary  ;  all  that  was  wanted 
was  a  "  practical  opinion."  We  believe  we  could  have  guessed, 
from  having  a  slight  knowledge  of  the  building,  within  50  per 
cent.,  possibly  closer,  but  a  comparatively  small  expenditure  of 
time  on  our  part,  and  of  money  on  the  part  of  the  inquirer,  would 
have  eliminated  the  guessing  and  brought  the  data  to  w^ithin  the 
limits  of  our  ability  to  decide  accurately  upon  the  factors  to  be  used. 

I  note  Mr.  Bolton's  statement  relative  to  begrudging  money  for 
compound  or  triple  expansion  pumps,  and  have  had  the  same  ex- 
perience. I  also  note  that  for  fan  systems  a  common  specification 
by  architects  is  to  state  merely  the  number  of  times  the  air  must 
be  changed  per  hour  in  the  building,  or  possibly  in  certain  rooms, 
without  any  reference  to  the  dimensions  of  the  fan.  Is'aturally, 
the  smaller  the  fan  the  lower  the  bidder  can  make  his  price.  AYe 
recently  tested  a  fan  taking  15  horse-power,  and  doing  the  work 
in  accordance  with  the  contract,  whereas  half  the  power  would 
have  been  amply  sufficient  with  a  fan  of  proper  size. 

Also,  as  stated  by  Mr.  Bolton,  the  location  of  the  stack  and  its 
dimensions  are  very  liable  to  be  bad,  sometimes  the  location  neces- 
sarily so,  though  in  other  cases  it  might  have  been  modified  if  the 
boilers  and  other  machinery  had  been  located  conjointly  by  the 
engineer  and  architect.  The  matter  of  getting  over  the  boilers 
is  often  a  serious  one,  and  if  tubular  boilers  are  used  it  is  not 
infrequent  to  find  that  when  new  ones  are  desired  they  must  be 
built  in  place. 

Relative  to  the  advisability  of  installing  isolated  plants,  I  be- 
lieve that  in  nearly  ever}"  case  where  there  is  a  sufiicient  amount 
of  machinery  to  necessitate  the   constant   attention  of  a  good 
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engineer  it  will  pay  to  install  electric  light  machinery.  This 
is  especiall}'  true  Avliere  heating  is  needed  for  from  six  to  seven 
months  in  the  year.  AVhere  lieating  is  needed  for  a  shorter  time 
the  additional  expenditure  may  or  may  not  be  justified.  I  have 
in  mind,  however,  one  plant  where  I  advised,  after  careful  con- 
sideration, and  I  believe  properlv,  the  installation  of  a  gas  engine 
and  storage  batterv,  which  would  be  used  during  the  summer 
months,  and  a  steam  engine  to  be  used  during  the  winter  months, 
utilizing  the  storage  battery  at  the  same  time.  In  case  of  break 
down  of  the  steam  engine  and  its  dynamo  the  gas  engine  could 
be  used.  In  case  of  break  down  of  the  gas  engine,  steam  could 
be  used  if  necessar3\  It  was,  however,  very  desirable  that  there 
should  be  no  heat  in  the  building  during  the  summer  months.  It 
was  also  the  case  that  a  few  times  during  the  Avinter  there  would 
be  more  load  than  could  be  carried  by  either  engine  plus  the  bat- 
tery, and  at  such  times  the  gas  engine  could  be  used  as  an  auxil- 
iary. There  was  no  question  on  anybody's  part  that  this  was  the 
most  desirable  arrangement  for  the  given  conditions,  but  unfor- 
tunately it  was  found  that  the  natural  gas,  Avhich  we  were  at  first 
informed  could  be  depended  upon,  would,  not  unlikel}^  give  out 
within  a  comparatively  short  time,  and  that  therefore  a  steam 
plant  only  would  be  installed. 

I  believe  there  will  be  a  considerable  growth  in  the  next  few 
years  in  the  use  of  ofas  en^-ines  and  storafi:e  batteries,  and  that  a 
portion  of  such  growth  will  be  in  isolated  plants. 

As  an  eng-ineer  interested  in  such  matters,  I  thank  Mr.  Bolton 
for  giving  figures  in  connection  with  his  paper,  and  when  his 
paper  was  received  I  intended  to  write  more  fully  on  the  subject, 
and  also  to  present  a  number  of  figures,  but  time  has  not  allowed. 

Mr.  Geo.  I.  Bockwood. — What  is  the  present  status  of  the  great 
central  station,  considered  as  a  competitor  of  the  power  plant 
located  within  a  o^iven  buildino:  ?  If  Mr.  Bolton  will  treat  on  this 
question  in  detail  I  shall  be  under  obligations  to  him.  I  should 
also  like  to  ask  Mr.  Bolton  if  he  has  had  any  experience  with 
storage  batteries  in  oflBce  buildings,  and  if  so,  whether  he  advises 
their  use  ? 

Prof.  R.  H.  Thurston. — This  paper  is  an  extremely  interesting 
and  instructive  one  and  a  model  of  its  kind.  I  am  particularly 
interested  in  the  statements  made  regarding  ''city  ordinances" 
and  boiler  inspection. 

It  is  obvious  to  the  most  uninformed  and  inexpert  that  one  of 
57 
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these  tall  buildings  is  peculiarly  subject  to  danger  of  destruction 
in  case  of  explosion,  and  that  the  most  rigid  of  precautions  are 
here  justified  in  regulations  prescribing  the  character,  the  con- 
struction, the  operation  and  the  inspection  and  licensing  of  steam 
boilers  and  their  attendants.  If,  as  here  stated,  and  as  is  no 
doubt  the  fact,  "  inspection  is  rarely  exercised,  and  the  test  is 
simpl}^  the  h3'drostatic  application  of  double  the  working  pres- 
sure," the  revision  of  the  inspection  law  is  as  evidently  imperatively 
demanded,  and  if  the  inspectors  "  have  no  authority  to  deal  with 
improper  settings  "  and  other  accessories,  it  is  equall}^  imperative 
that  additional  authority  should  be  secured  and  exercised.  "While 
not  at  all  probable,  I  imagine,  it  is  perfectly  conceivable  that  a 
steam-boiler  explosion  under  one  of  these  structures  might  wreck 
the  whole  pile,  and  it  Avould  always  be  liable  to  start  a  fire  where 
combustible  materials  happen  to  be  at  hand.  The  heavy  w^alls 
and  foundations  and  the  fireproof  character  of  such  buildings 
constitute  a  very  effective  insurance  against  such  consequences ; 
yet  "  it  is  the  unexpected  which  happens,"  and  one  would  think 
that  the  rules  for  regulation  of  the  use  of  boilers  in  these  basements 
and  sub-cellars  and  under  sidewalks  would  be  the  most  stringent 
anywhere  adopted.  It  would  seem  at  least  possible  that  the 
authorities  might  be  instructed  in  such  matters — of  which  they  are 
possibly  not  well  informed — and  no  better  missionary  work  could 
be  done  than  that  of  assisting  these  departments  in  perfecting 
their  regulations  and  in  securing  ample  authority  to  enforce 
them. 

The  cost  of  the  unit  space  in  these  great  piles,  even  in  their 
basements,  is  so  great  that  it  may  perhaps  operate  to  insure  the 
choice  of  the  most  compact  forms  of  boiler,  and  those,  fortunately, 
are  the  forms  of  greatest  safety  against  disastrous  explosion ;  but 
it  is,  one  would  think,  late  enough  in  the  century  to  expect  in- 
telligent legislation  on  such  matters  and  expert  direction  of  the 
work  of  installation  and  of  later  inspection;  insuring  the  adoption 
of  forms  of  maximum  safet}^  and  methods  of  effective  inspection 
and  regulation.  There  is  no  excuse,  at  this  date,  for  mediaeval 
construction  or  methods. 

It  would  be  interesting  to  know^ — and  I  have  no  doubt  that  the 
writer  of  the  paper  can  inform  us — just  what  difficulties  stand  in 
the  way  of  such  regulation  and  practice  as  expert  practitioners, 
such  as  are  many  members  of  this  Society,  would  approve.  It  has 
always  been  my  conviction  that  this  Society,  oflBcially  and  through 
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private  action  on  the  part  of  its  members,  has  many  op[)ortunities 
for  such  missionary  work  as  here  offers.  A  irood  buildin*'-  law, 
applicable  to  this  class  of  buildings  particularly,  a  good  system  of 
inspection,  and,  above  all,  an  effective  system  for  securing  a  good 
official  staff  and  exact  and  expert  enforcement  of  the  law  and  the 
regulations  of  the  police  and  building  departments,  would  seem  to 
be  greatly  needed  in  many  of  our  large  cities  and  probably  no  less 
in  New  York  than  elsewhere.  It  is  the  business  men  of  the  com- 
munity, and  especially  the  members  of  the  technical  i)rofcssions, 
who  must  compel  the  construction  of  proper  regulations  and  their 
enforcement. 

Mr,  Frank  M.  AsJdey. —  In  looking  through  this  paper,  I  no- 
tice that,  among  the  things  treated  of,  the  author  speaks  of  the 
protection  from  fire.  To  my  mind  this  is  a  subject  of  great  im- 
portance, and  one  which  I  have  carefully  studied,  and  I  believe 
that  it  is  one  which  should  have  more  careful  attention  from 
engineers  in  the  designing  of  these  buildings  than  it  has  hereto- 
fore received.  I  find  in  going  through  nuiny  of  the  large  build- 
ings, especially  the  older  buildings,  that  instead  of  having  straight- 
way valves  many  of  them  are  equipped  with  globe  valves  and 
many  of  them  with  gate  valves  of  a  smaller  capacity  than  the  pipes 
that  lead  to  them.  Now,  where  a  valve  is  inserted  in  a  stream 
of  water  the  velocity  is  cut  dow^n  very  greatl}'. 

I  was  present  at  the  fire  in  Naetliing's  restaurant,  in  Cortlandt 
Street,  a  very  short  time  ago,  and  the  Taylor  Building,  which  is 
very  near  it,  opened  the  streams  from  its  reservoirs  on  the  top 
of  the  buildinof,  and  considerino^  that  those  streams  were  intended 
as  a  protection  against  fire  they  Avere  ridiculously  small,  and 
practically  played  no  part  in  preventing  the  spread  of  the  flames. 

Some  time  asfo  I  was  much  interested  in  what  is  known  as  the 
ball  nozzle.  I  have  the  honor  to  be  the  first  one  to  apply  that 
principle  to  the  spraying  of  Avater,  and  the  National  Ball  Nozzle 
Company  took  the  invention  up,  but  unfortunately,  on  account  of 
disagreements  between  that  company  and  the  American  Ball 
Nozzle  Company,  they  got  to  a  point  where  they  did  not  manu- 
facture further.  In  testing  nozzles  of  different  designs  and  of 
different  makes  the  importance  of  keeping  straightways  for  the 
Avater,  without  either  rings  or  projections  on  the  interior  of  the 
pipes  or  valves,  was  shown  to  be  a  very  important  matter.  It 
was  found  that  by  putting  a  globe  valve  between  the  supply  and 
discharge,  the  velocity  was  cut  dow^n  more  than  one-half,  and 
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ill  iiiMiiy  otlioi"  nozzles  wiiicii  were  (l(isi<^iie(l  to  throw  a  stream 
of  water  from  the  end  of  the  liose,  the  stream  Avas  cut  down  a 
great  percentage  on  account  of  the  tuin  oi'  change  in  the  water, 
due  to  the  formation  of  the  interior  of  the  nozzle. 

The  mains  in  many  of  these  buildings  appear  to  me  too  small, 
and  the  connections  and  fittings  which  aroused  in  many  cases  are 
decidedly  inadequate,  and  should  receive  the  careful  consideration 
of  engineers. 

Mr.  Bolton. — A  question  was  asked  me  with  reference  to  the 
storage  battery  in  the  Bowling  Green  Building.  That  is  a  bat- 
tery which  is  the  property  of  the  Edison  Electric  Illuminating 
Company,  and  is  a  sub-station  of  theirs.  It  Avas,  however,  in- 
stalled specifically  for  the  purpose  of  taking  the  lighting  load  of  the 
Bowling  Green  Building,  Avhich  involves  6,000  lights,  and  Avhich, 
had  it  been  carried  from  their  existing  system,  would  have  neces- 
sitated new  mains  from  the  Duane  Street  station,  costing,  I  be- 
lieve, about  $48,000.  The  money  w^as  probably  better  expended 
by  the  Illuminating  Compan}^  in  installing  this  batter}^  and  in 
makinof  the  arrano^ement  with  the  Bowling:  Green  Buildino^  which 
they  did,  whereby  they  rent  this  portion  of  the  cellar  on  very 
long  rental  at  a  low  rate,  and  supply  the  building  at  a  specially 
low  rate  as  well,  so  that  everybody's  back  is  scratched.  The  bat- 
tery has  been  a  ver}^  great  success.  It  has  been  described  before 
other  societies,  and  its  operation  has  been  such  that  the  Duane 
Street  station  has  been  relieved  of  its  heaviest  peak  of  load  during 
a  certain  portion  of  the  da}^,  and,  I  am  told,  has  been  shut  doAvn 
for  three  hours  entirely,  owing  to  the  relief  afforded  by  this  battery. 

With  reference  to  the  general  subject  of  the  use  of  storage  bat- 
teries, I  would  like  to  say  that  I  am  a  strong  believer  in  their 
coming  use,  and  most  especially  have  been  an  advocate  of  their 
use  in  connection  with  electric  elevators,  a  subject  Avhich  will 
probably  be  dealt  with  in  more  detail  later  on.  But  I  have  in- 
stalled storage  batteries  in  other  buildings,  and  notably  in  the 
K.  G.  Dun  Building  which  is  referred  to  here,  in  wdiich  the 
battery  is  located  on  the  roof  of  the  building,  thereby  occupying 
no  space  wdiich  is  valuable  for  rental,  and  doing  away  with  all 
the  difficulty  of  getting  rid  of  the  fumes.  I  may  say  that  the 
difficulty  with  the  fumes  is  not  an  inconsiderable  one,  because 
the  tenants  of  these  buildings  are  exceedingly  touchy,  and  if 
they  smell  the  least  thing  that  is  disagreeable  they  want  to  get 
out   at  once.      In  the   Bowling  Green  Building  the  battery  is 
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vented  by  a  36-incli  fan,  blowing  into  the  angle  of  the  boiler  flue 
and  forcing  the  air  up  the  chimnev. 

The  (juestion  of  the  location  of  the  coal  bunkers  in  these  build- 
ings is  generally  fixed  bv  the  facility  for  ffettins:  the  coal  in, 
either  on  a  back  street  or  by  the  limits  of  the  headroom.  Very 
often  these  buildings,  while  they  are  deep  on  one  street,  will  meet 
a  street  behind  which  is  at  a  lower  grade.  That  was  the  case  in 
the  Hudson  Building  which  is  illustrated  here.  There  we  only 
had  about  7  feet  headroom.  It  Avas  manifestly  impossible  to 
deliyer  the  coal  by  gravity  if  the  coal  bunker  was  removed  any 
distance  fi'om  that  place;  while  the  boilers,  it  will  appear  to  you 
on  examination,  could  not  possibly  go  any  nearer  to  that  back 
street  than  the  space  they  occupied.  Also  in  the  Bowling  Green 
Building  the  same  problem  cropped  up.  Much  diflSculty  is  dis- 
missed by  storing  a  very  large  amount  of  coal,  as  in  this  case, 
where  there  is  storage  capacity  of  tl:20  tons,  which  has  proved  of 
the  utmost  value  to  them  in  extreme  weathei'.  During  the  recent 
blizzard  they  were  not  in  the  least  danger  of  shortage  of  coal, 
while  many  buildings  had  to  pay  extravagant  prices  for  coal  to 
keep  them  going.  I  have  in  mind  a  building  sixteen  stories  high, 
in  Cedar  Street,  in  Avhich,  owing  to  the  futile  way  in  which  the 
machinery  was  placed,  they  had  exactly  10  tons  storage  for 
operating  a  building  Avhose  demand  is  7  tons  a  day.  The  coal  is 
delivered  down  this  small  bunker  to  boilers  which  are  located 
alongside  the  elevator  pumps,  A^4lich  is  not  a  very  good  place  for 
the  latter,  and  the  result  has  been  that  that  building  has  been  par- 
tially closed  down  at  times  for  the  Avant  of  coal ;  and  finally  the 
owners  concluded  to  drop  their  independent  plant  altogether  and 
take  steam  and  electric  current  from  the  street,  Avhich  places  them 
at  a  considerable  disadvantage  as  regards  cost. 

One  gentleman  here  referred  to  the  very  Avide  subject  of  fire 
protection.  No  subject  is  of  more  importance  in  these  buildings. 
In  fact,  the  first  conception  of  them,  I  think,  is  that  they  shall  be 
fireproof  structures,  and  I  may  fairly  say  that  no  one  has  given 
more  attention  to  the  details  of  fire  protection  in  tall  buildings 
than  I  have  myself,  as  I  have  fought  now  for  four  years  past  for 
proper  appliances  to  be  installed.  Referring  to  the  interesting 
occasion  mentioned  of  the  fire  in  a  restaurant  near  the  Taylor 
Buildino^,  I  can  very  readily  tell  why  those  A^ery  small  streams  of 
Avater  Avere  delivered  onto  the  roof.  Most  of  those  older  tall 
buildings  are  provided  with   tanks  on  the  roof,  the  Avater  being 
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pumped  up  to  them,  and  not  into  the  mains,  by  a  small  pump 
which  can  scarcely  be  called  a  fire  pump.  The  jet  which  is  de- 
livered from  the  tank  is  of  course  a  gravity  jet  only.  T^ow,  from 
a  hose  on  any  floor  underneath  that  tank  the  only  jet  that  you 
can  get  out  is  due  to  the  head  between  the  tank  and  that  floor. 
It  is  manifest  that  pouring  a  little  stream  such  as  would  be  pro- 
curable on  the  sixteenth  story  of  a  building  is  futile.  I  installed 
in  the  Bowling  Green  Building,  and  in  nearly  all  of  the  buildings 
referred  to  here,  the  pressure-drum  system,  in  which  drums  are 
located  in  the  cellar  and  are  used  as  standing  pipes  for  house  sup- 
ply. A  fire  pump  discharges  into  those,  and  all  the  drums  are 
cross-connected.  They  are  two-thirds  filled  with  water  and  one- 
third  with  air.  A  large  pipe  is  carried  out  to  the  street  main,  with 
a  Siamese  union  on  it,  through  which  the  fire  department  can 
pump  into  these  stand-pipes.  The  risers  connecting  the  hose 
pipes  on  different  floors  are  carried  up  from  that  stand-pipe  sys- 
tem as  straight  as  possible,  and  are  not  disconnected  from  the 
house  S3^stem.  That  I  consider  to  be  a  vital  point.  If  you  do 
disconnect  them,  then  the  engineer  or  the  janitor  will  surely  drain 
the  fire  pipes,  which  will  be  full  of  air  at  the  critical  moment  when 
they  ought  to  be  full  of  water.  Consequentl3\  I  do  not  design 
them  to  be  disconnected.  But  if  the  fire  pump  is  started  up,  and 
a  high  pressure  is  required,  which  may  go  up  into  hundreds  of 
pounds  per  square  inch,  a  check  valve  shuts  down  on  the  house 
connection  and  prevents  that  high  pressure  reaching  the  house 
fixtures.  A7ith  such  an  apparatus  I  have  thrown  a  60-foot  jet  on 
top  of  a  200-foot  roof,  in  the  presence  of  the  representatives  of  the 
fire  department  of  Isew  York  City,  which  was  described  by  them 
as  a  good  jet  in  putting  out  a  fire.  This  subject  will  bear  consid- 
erably more  detail,  and  I  hope  on  some  other  occasion  I  may  be 
able  to  devote  more  time  to  it. 

I  would  like  to  add  that  if  Mr.  Roberts'  remarks  could  be 
added  to  my  paper  I  would  very  willingly  adopt  them  as  part  of 
my  own  experience  and  my  own  wording.  I  have  been  through 
all  this  unhappy  experience  of  having  to  put  in  inferior  ap- 
paratus, while  marble  fronts  and  trimmings  of  all  kinds  are 
going  into  the  halls,  and  caryatides  and  other  animals  are 
being  fitted  on  the  front  of  buildings.  We  have  had  cases 
where  a  building  is  at  a  permanent  disadvantage  of  many  tons 
of  coal  per  annum,  and  having  to  pay  extra  wages  for  all  time 
because   the  owner   wanted   to  spend   money   on   these    monu- 
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merits  of  ingratitude  which  stand  on  the  front  porches  of  these 
buildings. 

Mr.  Rochwood. — May  I  be  permitted  to  question  Mr.  Bolton  a 
little  further  in  regard  to  storage  batteries?  His  answer  dealt 
with  their  use  in  connection  with  electric  elevators,  but  not  with 
reference  to  lighting. 

I  had  the  idea — and  have  put  it  into  practice  in  one  case — that 
a  storage  battery  might  be  a  wnse  investment,  notwithstanding 
its  heavy  depreciation  account,  if  used  with  a  lighting  plant,  the 
load  being  handled  in  this  way  :  A  battery  large  enough  to  carry, 
let  us  say,  one-half  of  the  lighting  load  during  the  period  of 
greatest  demand  could  be  "  played  into  "  by  an  engine  of  smaller 
size  than  would  otherwise  be  necessary,  during  the  entire  day. 
Thus  the  exhaust  steam  from  that  engine  would  be  constantly 
available  for  heatino^  the  buildino:.  Then  at  the  lifrhtin^'-  time 
the  battery  can  be  run  on  its  own  circuit  and  the  engine  and 
its  generating  apparatus  be  applied  to  the  balance  of  the  light- 
ing load.  Whether  the  interest  and  cost  of  maintenance  of 
the  battery  would  nullify  the  economy  of  heat  I  don't  yet 
know. 

The  need  for  storage  batteries  in  these  tall  office  buildings  is  a 
growing  one,  and  should  be  amply  discussed. 

Mr.  Bolton.'^ — To  Mr.  Rockwood's  questions  I  can  only  reply 
here  that  the  subject  of  storage  batteries  is  an  important  one,  and 
of  too  .wide  a  nature  to  deal  with  in  a  discussion.  I  have  the 
intention  of  bringing  up  results  obtained  with  the  use  of  the 
battery  in  connection  with  elevators,  but  this  is  deferred  until  the 
plant  shall  have  been  in  operation  for  a  sufficient  length  of  time 
to  demonstrate  its  endurance. 

An  illustration  of  the  difficulty  presented  in  the  cost  of  out- 
side sources  of  supply  is  afforded  by  the  fluctuation  in  cost  of 
two  of  those  sources  of  power  mentioned  in  the  paper,  since  its 
reading. 

Gas  has  been  temporarily  reduced  to  65  cents  per  thousand 
cubic  feet,  and  oil  has  been  advanced  nearly  100  per  cent. 

Professor  Thurston's  remarks  are  extremely  practical,  and  I  am 
glad  to  have  drawn  his  attention  to  the  subject  of  the  absence  of 
proper  regulation,  by  authority,  of  boilers  and  steam-fitting. 

I  have  always  maintained  that  the  Department  of  Buildings 

*  Author's  closure,  uuder  the  Rules. 
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should  be  armed  with  authority  on  these  subjects,  but  in  every 
attempt  which  lias  been  made  to  amend  or  improve  the  present 
building  laws  no  representation  of  mechanical  engineers  has  been 
provided  on  the  committees  dealing  with  the  subject,  and  until 
this  is  done  it  is  hopeless  to  expect  attention  to  be  given  to  the 
matter. 
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DCCCXXII.* 

THE   CENTRAL    HEATING   PLANT   OF   THE    UNIVER- 
SITY OF    WISCONSIN,   AT  MADISON,    ]yiS. 

BY    STORM    BULL,    MADISON,    WIS. 

(Member  of  the  Society.) 

The  central  lieatiDg  plant  described  in  the  following  paper  is 
not  a  model  one,  and  the  reason  wlij-  it  has  been  thought  worth 
the  while  to  present  tliis  description  of  the  plant,  with  tests  of  the 
same,  to  the  members  of  the  American  Society  of  Mechanical 
Engineers  must,  therefore,  be  another  one  than  that  of  setting  it 
up  as  an  example  to  be  followed.  The  reason  ought  to  be  found 
in  the  fact  that  in  laying  out  and  enlarging  the  plant  difficulties 
had  to  be  met  and  solved,  which  it  might  be  interesting  to  have 
described,  even  to  those  who  have  been  in  position  to  lay  out  a 
model  plant.  Furthermore,  published  tests  of  Western  plants  of 
this  character  are  not  numerous,  and,  as  in  steam  engineering 
only  a  large  number  of  tests  serve  the  purpose  of  giviiig  a  guide 
for  the  future,  the  following  paper  may  also  in  this  direction  con- 
tribute something  to  the  experimental  knowledge  for  which  our 
profession  hungers. 

The  principal  difficulty  met  with  in  laying  out  the  central  heat- 
ing plant  of  the  University  of  Wisconsin  was  that  a  boiler  house 
already  existed,  from  which  power  and  heat  were  furnished  for 
three  adjacent  buildings.  The  location  of  this  boiler  house  was 
hardly  the  best  one  even  for  these  three  buildings ;  but  when  it 
was  determined  by  the  authorities  to  heat  all  the  buildings  from 
a  central  plant,  it  was  at  once  seen  that  the  location  was  a  bad 
one  for  several  of  the  buildings.  But  so  much  money  had  already 
been  expended  on  the  boiler  house,  it  being  a  very  substantial 
and  somewhat  ornamental  building,  together  with  the  chimney, 
it  was  determined  by  the  regents  of  the  university,  in  1894, 
that  the  old  boiler  house  should  be  enlarged  and  remodelled  so 

*  Presented  at  the  Washington  meeting  (May,  1S99)  of  the  American  Society 
of  Mechanical  Engineers,  and  formiug  part  of  Volume  XX.  of  the  Transactions. 
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that  all  the  buildings  of  the  university — except  those  of  the  Agri- 
cultural Department — could  be  heated  from  it.  The  accompanying 
plan  of  the  boiler  house  and  buildings  (Fig.  309)  shows  their  rela- 
tive positions ;  and  it  will  also  be  seen,  from  the  numbers  placed 
next  to  the  various  buildings,  that  these  are  located  on  the  slope 
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of  a  hill,  the  boiler  house  being  about  one-third  way  up,  so  that 
several  of  the  buildings  are  on  a  lower  level  than  it.  The  proper 
location  for  the  boiler  house  would  have  been  on  the  lake  shore, 
both  because  all  return  water  from  the  several  buildings  could 
have  been  returned  by  gravity,  and  also  because  of  the  hauling 
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of  the  coal  and  the  disposal  of  the  ashes.  But,  as  stated  above, 
the  location  of  the  central  heating  plant  was  not  determined  with 
simply  the  future  economy  in  view,  but  because  of  previously 
invested  capital,  and  things  had  to  be  arranged  as  best  they 
could. 

The  original  boiler  house  was  a  square  building  about  50  feet 
each  way,  and,  in  order  that  Science  Hall,  the  chemical  labora- 
tory, and  the  machine  shop  might  be  heated  from  it,  the  floor 
had  been  sunk  about  13  feet  below  the  surface  of  the  gi'ound 
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in  front  of  the  building.  It  contained,  in  1894,  when  the  writer 
of  this  paper  was  instructed  to  remodel  the  plant,  the  following 
boilers  :  One  large  internally  fired  flue  boiler,  125  horse-power ; 
one  66-inch  by  IS-foot  return  tubular  boiler ;  two  50  horse-power 
Heine  boilers ;  and  one  50  horse-power  Root  boiler.  These  two 
Heine  boilers  furnished  the  steam  for  the  engine  in  the  machine 
shop  and  for  the  pumps  at  the  lake  shore.  In  addition  to  the 
buildings  mentioned  above  as  being  heated  from  the  boiler  house, 
the  Law  Building  had  been  connected  with  the  boiler  house  by  a 
tunnel  in  1892  ;  and  it  was  at  this  time  that  the  66-inch  by  18- 
foot  boiler  had  been  installed  in  the  boiler  house  for  the  purpose 
of  furnishing  steam  for  heating  this  building,  which  had  just  been 
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completed.  The  boiler  house  was  also  connected  with  the  pump 
house,  machine  shops,  chemical  laboratory,  and  Science  Hall  by 
tunnels,  the  location  of  which  is  shown  on  the  general  plan,  and 
which  had  been  built  in  18S5-86,  when  the  boiler  house  and 
these  buildings  had  been  erected.  From  the  accompanying 
sketch  (Fig.  310)  arrangement  of  the  boilers  in  the  boiler  house  at 
that  time  will  also  be  seen  ;  and  it  hardly  needs  to  be  stated  that 
the  arrangement  was  a  very  bad  one,  both  as  to  convenience  and 
utilization  of  space. 

The  gymnasium  and  armory  of  the  university  were  nearing  com- 
pletion in  1894 ;  but  the  plans  of  this  building  provided  for  two 
60-inch  by  16-foot  return  tubular  boilers  to  be  placed  in  the  build- 
ing, and  the  boilers  had  already  been  bought  by  the  contractor, 
when  the  regents  of  the  university  determined  to  heat  the  build- 
ino'  from  the  boiler  house.  Two  of  the  old  buildino^s  of  the  uni- 
versity,  North  and  University  halls,  had  up  to  this  time  been 
heated  by  stoves  and  hot-air  furnaces,  and  the  regents  the  same 
year  determined  to  put  new  heating  apparatus  into  these  two 
buildings,  the  steam  to  be  furnished  from  the  boiler  house  which 
now  was  named  the  central  heating  plant. 

As  a  consequence  of  these  changes  the  old  boiler  house  had  to 
be  enlarged  to  such  an  extent  that  there  would  be  room  for  boilers 
sufficient  to  furnish  steam  for  three  additional  buildings,  of  w^hich 
one  especially  Avas  quite  large,  viz.,  the  gymnasium,  containing 
about  1,700,000  cubic  feet  of  space.  In  addition  it  was  determined 
to  m^ake  the  building  so  much  larger  that  it  might  house  several 
more  boilers,  so  that  other  buildings  might  be  heated  from  it  in 
the  future.  In  1896  Ladies'  Hall  w^as  connected  with  the  central 
heating  plant,  and  in  1898  the  new  library,  both  times  an  addi- 
tional boiler  being  installed.  At  the  present  time  there  is  still 
room  for  a  boiler  of  200  horse-poAver  capacity,  which  space  proba- 
bly will  be  needed  this  year  if,  as  seems  probable,  a  new  engineer- 
ino^  buildino:  will  be  erected  the  comino:  year. 

The  arrangement  of  the  central  heating  plant  as  it  is  at  the 
present  time  is  shown  on  Figs.  311  and  312.  It  will  be  noticed  from 
these  that  the  boiler  house  was  a  little  more  than  doubled  in  size 
by  the  change  in  1894,  and  that  the  boilers  were  arranged  in  a 
row,  setting  them  for  convenience  in  batteries  of  tAVo  or  three. 
One  wall  of  the  old  building  Avas  removed,  the  roof  being  carried 
on  columns,  and  the  coal  vault  AA^as  placed  on  the  opposite  side  of 
the  building  to  Avhat  it  Avas  before,  this  being  done  because  of  the 
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greater  convenience  of  liauling  tlie  coal,  wliicli  all  must  be  hauled 
up  between  the  chemical  laboratory  and  Science  Hall.  For  the 
same  reason  it  Avas  placed  below  ground,  bringing  the  floor  of 
the  coal  vault  on  the  same  level  as  the  floor  of  the  boiler  house. 
The  old  chimney  was  a  square  one,  the  height  being  138  feet  from 
the  boiler-house  floor  and  4  feet  0  inches  inside.     It  was  deemed 

Fig.  ail. 
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sufficient  for  the  enlarged  plant,  and  no  changes  were  made  with 
it.  But  the  smoke  flues  leading  to  it  could  not  be  used,  both 
because  of  their  size  and  location,  and  an  entirely  new  breeching 
had  to  be  arrang^ed.  One  of  the  reasons  for  determining  on  the 
installation  of  a  central  heating  plant  was  that  it  would  be  possi- 
ble to  use  bituminous  coal  instead  of  anthracite,  as  was  being 
used  in  the  separate   buildings,  and  without  suffering  from  the 
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smoke  and  dirt  to  such  an  extent  at  least  as  Avould  have  been  the 
case  if  bituminous  coal  had  been  used  for  heating  the  separate 
buildings.  In  the  old  boiler  house  anthracite  had  to  be  used  for 
tlie  old  internally  fired  flue  boiler,  whereas  bituminous  coal  was 
used  for  the  other  boilers,  with  the  result,  however,  of  creating 
quite  a  smoke  nuisance,  as  there  was  no  provision  made  for  the 
"  consumption  "  of  the  smoke.  One  of  the  conditions  for  the  in- 
stallation of  the  central  heating  plant  was  therefore  that  bitumi- 
nous coal  should  be  used,  and  that  the  plant  should  be  so  arranged 
that  there  should  be  very  little  smoke.  A  thorough  investigation 
of  the  smoke  question  soon  convinced  the  writer  that  several  of  the 
mechanical  stokers,  besides  the  Ilawley  down-draught  and  other 
arrangements,  will,  if  properly  taken  care  of,  and  if  the  boilers  are 
not  forced  much,  produce  a  fire  which  is  reasonably  free  from 
smoke.  In  view  of  the  saving  of  labor  the  writer  determined  on 
the  use  of  a  mechanical  stoker,  rather  than,  for  instance,  the  Haw- 
ley  down-draught  furnace,  and  for  the  same  reason,  and  because 
of  the  cleanliness,  coal-conveying  machinery  with  coal-storage 
tanks  above  the  boilers  was  also  made  an  essential  part  of  the  pro- 
gramme. As  the  floor  of  the  boiler  house  was  some  13  feet  below 
the  surface  of  the  ground,  an  ash  elevator  was  also  a  necessity ; 
but  the  writer  abstained  from  installing  an  ash  conveyor,  as  the 
repairs  on  such  a  conveyor  seem  to  neutralize  more  than  the  sav- 
ing in  labor  realized  by  its  use.  A  track  with  an  ash  dump-cart 
was  determined  upon  in  the  place  of  the  conveyor.  In  the  old 
plant  there  had  been  no  feed-water  heater,  but  as  will  be  seen 
from  the  plan  a  Green  economizer  of  400  horse-power  capacity 
was  installed,  and  in  connection  with  it  a  fan  with  short  smoke- 
stack for  mechanical  draught,  this  latter  arrangement  mostly  for 
experimental  purposes.  It  may  be  said  here,  in  parentheses,  that 
a  short  smokestack  is  out  of  place  where  there  are  buildings  near 
by,  as  the  gases  escaping  from  the  chimney,  even  if  there  be  no 
smoke,  are  being  delivered  at  such  a  low  level  that  they  cannot 
help  being  carried  into  the  adjacent  buildings,  which,  of  course,  is 
very  objectionable. 

Steam  had  to  be  furnished  from  the  central  plant  both  for 
heating  and  power  purposes,  and  the  question  arose  whether  it 
would  not  be  best  only  to  carry  steam  of  high  enough  pressure 
for  power  purposes  at  the  central  plant,  and  to  reduce  the  pressure 
at  the  various  buildings  to  use  the  steam  for  heating.  On  account 
of  the  fact  that  the  boilers  were  considerably  higher  than  the 
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return  in  several  of  the  buildings  to  be  heated,  and  in  fact  because 
all  of  the  buildings  were  situated  at  such  various  levels  and  dis- 
tances as  compared  with  the  boiler  house,  it  was,  of  course,  im- 
possible to  use  a  common  reducing  valve  at  the  latter  place  for 
all  the  steam  used  for  heating,  and  the  only  other  alternative  was 
to  use  a  certain  number  of  boilers  for  makino^  steam  for  heatins: 
purposes  of  sufficient,  but  moderate  pressure,  so  that  it  might  be 
used  for  running  the  fan  engines  at  the  various  buildings  and 
otherwise  be  reduced  in  pressure  at  the  buildings  to  serve  for 
heating.  This  latter  alternative  was  the  one  adopted,  and  for  the 
following  reasons : 

Various  members  of  the  Board  of  Keo^ents  of  the  university 
objected  to  the  use  of  ^'  liifjh-pressure^''  steam  in  the  buildings  in 
which  only  ordinary  janitors,  who  are  not  engineers,  had  to  take 
care  of  it ;  consequently  a  steam  of  less  pressure  than  that  used  for 
the  pumps  at  the  lake  shore  or  for  the  engines  in  the  laboratories 
had  to  be  used.  At  the  same  time  the  architects,  who  had  planned 
the  heating  systems  of  several  of  the  buildings,  had  provided 
engines  for  running  the  ventilating  fans,  which  engines  required 
steam  of  at  least  30  pounds  pressure,  which  pressure  again  would  be 
too  high  for  the  direct  radiation.  If,  therefore,  a  common  reducing 
valve  had  been  used  at  the  central  plant,  it  could  not  reduce  the 
steam  to  less  than  30  pounds  pressure,  necessitating  an  additional 
reducing  valve  in  each  of  the  buildings,  or  a  separate  pipe  for 
taking:  the  steam  for  the  fan  eno^ines  would  have  been  necessarv. 
Although  the  danger  from  using  30  or  ttO  pounds  steam  in  the 
buildings  is  not  very  different  from  that  of  using  100  pounds  steam, 
the  ordinary  pressure  carried  in  the  central  plant  for  power  pur- 
poses, yet  to  the  authorities  this  difference  seemed  very  important, 
and  accordingly  the  following  arrangement  was  adopted  :  All  the 
boilers  in  the  central  plant  were  to  be  connected  with  two  sepa- 
rate headers,  one  for  high-pressure  and  the  other  for  low-pressure 
steam,  the  first  one  to  carry  about  100  pounds  and  the  latter  about 
40  pounds  pressure.  The  high-pressure  steam  was  to  be  carried  to 
such  buildings  only  in  which  steam  was  used  for  power  purposes 
exclusive  of  fan  engines,  and  the  low-pressure  steam  to  all  build- 
ings which  were  to  be  heated.  It  is  perhaps  necessary  to  add 
that  the  writer  is  of  the  opinion  that  it  would  have  been  poor 
economy  to  have  carried  in  the  tunnels  leading  to  the  various 
buildings  steam  of  such  low  pressure  that  it  could  have  been 
used  for  the  direct  radiation  without  being  reduced  in  pressure, 


1)0 A        HEATING    PLANT   OF   THE    UNIVEUSITV    OF    WJSCONSIN. 

because  it  would  luive  necessitated  sucli  large  pipes,  which  would 
have  made  the  loss  by  radiation  in  the  tunnels  greater  tlian  it 
would  be  with  smaller  pipes  carrying  steam  of  higlier  pressure, 
although  necessarily  also  of  higher  temperature.  With  the 
system  adopted  for  this  plant  it  is  possible  to  keep  the  size  of  the 
pipes  quite  small,  so  small  in  fact  that  a  considerable  loss  of 
pressure  must  be  expected  at  the  end  of  the  main,  which  reduction 
of  pressure,  however,  does  not  interfere  Avith  the  working  of  the 
heating  system  of  the  building,  as  it  is  only  necessary  to  carry  a 
correspondingly  higher  pressure  at  the  central  plant,  and  because 
each  building  is  independent  of  every  other  because  of  the  reduc- 
ing valve  found  in  each  building.  At  this  place  it  might  also  be 
pointed  out  that  experience  in  this  plant  has  shown  that  it  is 
preferable  to  have  a  separate  reducing  valve  for  the  indirect 
tempering  and  heating  coils,  in  order  that  a  higher  pressure  may 
be  carried  on  these  than  on  the  direct  radiation,  this  to  facilitate 
the  circulation  in  these  coils  in  very  cold  weather.  The  sizes  of 
mains  in  the  tunnels  were  necessarily  calculated  so  as  to  carry 
sufficient  steam  to  heat  the  buildings  in  the  most  severe  weather. 
But  especially  in  the  fall  and  spring  there  is  a  considerable  length  of 
time  in  which  but  very  little  steam  is  used  for  heating,  but  always 
a  certain  amount  for  ventilating  the  schoolrooms,  etc.  At  those 
times  the  large  mains  are  altogether  too  large,  and  the  percentage 
of  loss  of  heat  in  the  tunnels  is  excessive.  In  other  buildings,  like 
the  gymnasium  and  armory,  and  also  Ladies'  Hall,  warm  water  is 
a  necessity  the  year  around,  and  this  warm  water  is  obtained 
by  steam  from  the  central  plant,  and  for  this  purpose  also  the 
original  steam  mains  were  too  large.  Because  of  these  reasons 
separate  small  mains  were  run  from  the  central  plant  to  the 
various  buildings  and  were  connected  at  the  several  buildings 
with  the  large  mains  in  such  a  way  that  the  steam  coming 
through  the  small  pipes  could  be  used  for  heating  the  buildings, 
running  the  fans  or  heating  water  as  the  special  case  required. 
The  original  cost  of  these  "summer"  mains  was  quite  an  item, 
but  the  saving  in  fuel  during  the  past  ^ve  years  has  more  than 
paid  for  them.  Another  great  advantage  gained  by  having 
these  two  separate  mains  to  each  of  the  buildings  is  that  in  case 
the  large  main  should  absolutely  need  repairs,  the  smaller  one 
can  be  used  and  will  furnish  sufficient  steam  to  keep  the  building 
from  freezing,  at  any  rate. 

Another  important  question  affecting  the  economy  of  the  plant 
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was  tliat  of  the  return-water  from  the  various  buildinors.     As  will 
be  seen  from  Fig.  310,  there  are  several  of  the  buiklings  wliicli  an^ 
lower  than  the  central  plant.     After  a  thorough  investigation  it 
was  conclusively  proven   that  it  would  pay  to  pum])  the  water 
back  through  the  tunnels  to  the  central  plant,  even  if  the  distance 
Avas  as  great  as  from  the  armory,  nearly  900  feet.     The  returns 
are  all  connected  to  closed  receivers  in  the  central  plant,  which 
receivers  again  are  connected  to  the  hot- well.     Because  of  the 
two    different  pressui'es  carried  on  the  boilers,  it  was  necessary 
to  provide  for  two  different  feeding  systems  for  each  boiler,  with 
a  feed  pump  for  each  system.     The  low-pressure  feed  pump  takes 
its  suction  from  the  return-water  receivers  directly,  whereas  the 
high-pressure  pump  has  its  suction  connected  with  the  hot-w^ell. 
Into  this  latter  all  water  required   beyond  the  return-water  is 
pumped,  and  from  it  the  water  is  pumped  through  the  Green 
economizer  before  it  enters  the  high-pressure  boilers.     The  addi- 
tional water  required  is  principally  obtained  from  a  number  of 
rain-water  cisterns  located  near  the  various  buildings,  the  capacity 
of  all   of  these  together  being  about  G,000  barrels,  most  of  the 
water  running  by  gravity  to  the  central  plant.     Quite  frequently, 
however,  water  from  the  lake  has  to  be  used,  but  as  this  is  com- 
parativel}^  soft  water,  and  as  it  is  nearly  always  heated  up  to  from 
250  to  300  degrees  Fahr.  b}^  being  passed  through  the  economizer, 
very  little  scale  can  form  exen  in  the  high-pressure  boilers.     As  a 
result  of  the  good  quality  of  the  feed-water  used  for  the  boilers 
ver}^  little  or  hardly  any  scale  has  ever  been  observed   in  the 
boilers,  and  no  compounds  are  being  used.     It  is  impossible  to 
estimate  accuratel}^  what  portion  of  the  feed-water   is   return- 
water  ;  but  it  is  safe  to  say  that  more  than  three-fourths  of  it  is 
of  this  orio^in  during:  the  winter  months,  as  nearlv  all  the  exhaust 
steam  from  the  various  engines,  etc.,  is  used  for  heating  purposes. 
During  the  summer  months,  when  all  the  steam  is  used  for  power 
purposes,  no  return-water  is  obtained.     In  the  central  plant  there 
has  recently  been  installed  a  feed- water  heater  which  utilizes  the 
exhaust  steam  from  the  various  stoker  engines,  feed  pumps,  the 
conveyor  engine,  and   from   the   small   engine  which    runs  the 
dynamo  which  furnishes  the  light  for  the  building.     This  feed- 
water  heater  discharges  into  the  hot-well.     As  will  be  seen  from 
the  data  of  the  tests,  which  are  given  later  on,  the  temperature  of 
the  water  of  the  hot-well  reaches  ITO  degrees  Fahr.,  which  fact  is 
due  to  the  feed- water  heater,  and  also  to  the  discharge  of  a  num- 
58 
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ber  of  stejun  traps  which  take  care  of  the  condensation  in  the 
mains,  etc.,  in  the  boiler  house. 

All  of  the  return-water  from  the  several  buildings  is  discharged 
into  two  closed  receivers  in  the  central  plant.  There  are  not  sep- 
arate retui'ns  from  all  of  the  buildings  to  these  receivers,  several 
being  connected  into  one  at  convenient  places.  However,  it  has 
been  deemed  best  to  have  separate  return  pipes  from  those  build- 
ings from  which  the  water  has  to  be  pumped  back.  Because  of 
the  fact  that  each  building  has  a  separate  reducing  valve  and  tbat 
therefore  the  steam  pressure  used  in  each  building  may  be  differ- 
ent from  that  used  in  every  other,  it  was  necessary  to  discharge 
all  return-water  through  steam  traps  into  the  returns.  It  might 
have  been  possible  to  avoid  these  traps  if  open  receivers  had  been 
used,  but  it  certainly  would  have  resulted  in  a  great  loss  of  steam 
from  these  receivers,  and  it  is  probable  that  the  present  return 
pipes  would  not  have  been  large  enough  to  relieve  the  various 
heating  systems  in  several  of  the  buildings  from  a  too  great  back- 
pressure. As  the  returns  now  are  arranged  the  heating  apparatus 
of  each  building  is  entirely  independent  of  that  of  every  other 
building.  This  is  in  itself  of  great  advantage,  as  the  heating 
plants  of  the  various  buildings  have  been  designed  by  several 
different  parties,  and,  because  of  differences  in  the  design,  require 
steam  of  different  pressures.  This  is  especially  true  of  the  build- 
ino-s  in  which  there  are  ventilatino:  fans,  as  it  has  been  found 
necessary  to  use  steam  of  quite  a  little  higher  pressure  for  the 
tempering  coils  than  is  used  for  the  direct  radiation  under  similar 
circumstances. 

Tlie  central  heating  plant,  as  now  equipped,  contains  the  fol- 
lowing boilers : 

One  Aultman  &  Taylor  (Babcock  &  Wilcox  type) 200  horse-power. 

One  Standard  boiler  (water-tube) 150 

Two  Heine  boilers,  50-horse-power  each 100 

One  Root  boiler 50 

Four  66-inch  by  18-foot  return  tubular  boilers 500 

Two  60-inch  by  16-foot       "  "  "      160 

Total,  eleven  boilers 1,160  horsepower. 

Of  these  boilers,  the  Root  boiler  is  used  exclusively  for  experi- 
mental purposes,  and  is  not  connected  with  the  steam  mains  in 
the  central  plant,  but  with  an  experimental  engine  in  the  steam 
laboratorv  in   Science  Hall.     The  boilers  are  all  equipped  with 
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Eoney  mechanical  stokers,  for  tlie  workin^r  of  which  there  are 
provided  five  small  oscillating  engines.  Tiiey  are  all  connected 
with  both  the  high  and  low  pressure  mains  and  have  two  separate 
feed  pipes,  which,  however,  are  connected  together  a  foot  or  so 
from  the  boilers.  There  are  two  low-pressure  feed  pumps — one 
for  reserve— and  also  two  for  the  high-pressure  feed,  and  each 
pump  is  provided  with  a  hot-water  meter.  In  addition  to  these 
pumps  there  is  one  small  duplex  })ump  for  taking  the  water  from 
some  rain-water  cisterns,  which  are  lower  than  the  central  plant, 
to  the  hot-well,  and  there  is  a  small  automatic  duplex  air  com- 
pressor, which  furnishes  the  compressed  air  for  the  Johnson  tfe 
Powers  heat-reo^ulating  svstems  used  in  five  of  the  build in^fs 
heated.  The  central  plant  contains,  in  addition,  a  10-horse- 
power  upright  engine  for  driving  the  coal-conveying  machinery, 
one  5-horse-power  automatic  engine  driving  a  GO-light  16-candle- 
power  dynamo,  and  the  engine  which  drives  the  fan.  for  the 
mechanical  draught.  It  has  already  been  mentioned  that  there  is 
a  Green  economizer,  which  is  of  400-horse-poAver  capacity.  The 
feed-water  heater  is  supposed  to  take  care  of  the  exhaust  steam 
from  200  horse-power. 

When,  in  1898,  the  200-horse-power  Aultman  &  Taylor  boiler 
was  added,  it  became  necessary  to  increase  the  chimney  capacity, 
as  the  old  one  built  in  1885  was  hardly  sufiicient  for  the  boilers 
already  there.  In  this  connection  it  should  be  borne  in  mind 
that  at  no  time  are  all  the  boilers  in  service  ;  there  is  always  at 
least  one  in  reserve,  so  that  the  boilers  may  be  washed  out  at 
frequent  intervals  or  repaired  if  necessary.  It  would,  of  course, 
have  been  desirable  to  have  built  a  new,  larger  chimney,  which 
could  have  taken  care  of  all  the  boilers.  But  because  of  the 
expense,  it  was  necessary  to  keep  the  old  one  and  only  to  add 
another  one,  which,  to  make  things  somewhat  symmetrical,  was 
made  of  the  same  height  as  the  other.  The  new  one  was  built 
with  an  entirely  independent  firebrick  lining,  whereas  the  old 
one  was  a  solid  unlined  shaft.  The  breeching  was  rearranged, 
as  shown  in  Fio-s.  310  and  311,  in  such  a  manner  that  either  chimney 
may  be  used  for  any  or  all  the  boilers.  Figs.  310  and  311  also  show 
the  location  of  the  economizer.  It  will  be  seen  that  it  can  only 
be  used  in  connection  with  the  old  chimney,  a  disadvantage  which 
it  seemed  impossible  to  overcome. 

The  coal  elevator  takes  the  coal,  dumped  into  the  vault  from 
the  coal  wagon  on  top  of  the  coal  vault,  up  to  the  conveyor, 
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wliicli  j'uns  lengtliwiso  of  tln^  centi'iil  plant  Jind  carries  the  coal 
to  tlie  several  lioppers  placed  in  front  and  above  the  boilers,  from 
which  the  coal  slides  through  chutes  to  the  stokers.  The  coal 
vault  is  used  as  a  storage  room,  in  case  strikes  oi*  a  snow  blockade 
should  prevent  the  regular  delivery  of  coal.  The  ash  elevator  is 
placed  in  a  corner  of  the  building;  the  ash  cart,  into  which  the 

Fig.  313. 


Fig.  314. 

ashes  have  been  shovelled,  being  dumped,  so  that  the  ashes  need 
not  be  handled  any  further  till  they  reach  the  ground  above,  from 
where  they  must  be  hauled  bv  teams. 

The  tunnels  through  which  the  steam  pipes  and  returns  are 
carried  to  the  various  buildinci:s  have  a  total  leno^th  of  about  3,200 
feet.  Except  those  parts  which  connect  the  central  plant  Avith 
Science  Hall,  the  machine  shop,  and  the  chemical  laboratory, 
they  have  a  section  as  shown  on  Figs.  313  and  314.  This  section 
is  hardly  large  enough,  at  least  for  the  portions  near  the  central 
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plant,  where  the  pipes  are  both  larger  and  more  numerous  tlian 
in  the  other  portions.  If  the  choice  of  the  size  of  the  tunnel  liad 
been  left  to  the  writer  it  would  have  been  made  longer,  but,  un- 
fortunately, the  tunnel  to  the  Law  Building  had  already  been 
built  when  he  took  charge,  in  1S1)4.  The  older  portions  of  the 
tunnel,  leading  to  Science  Trail,  etc.,  are  larger  in  section,  but  not 


Fig.  315. 

too  large.  They  have,  however,  an  elliptical  section,  which, 
because  of  the  round  bottom,  makes  it  difficult  both  to  walk 
through  them  and  work  in  them.  It  should  be  stated  that  it  has 
been  found  possible  to  make  all  kinds  of  repairs  in  the  tunnels 
built  as  shown  in  Figs.  313  and  31J: ;  but  the  room  is  cramped,  and 
it  would  be  better  if  the  section  was  about  one  foot  larger  each 
wav.    Fig:.  314  shows  the  section  of  the  tunnel  where  it  goes  below 
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the  level  of  the  lake.  In  order  to  make  it  tight  at  such  places  it 
was  necessary  to  substitute  a  circular  bottom  for  the  flat  one  used 
elsewhere.  At  those  places  where  two  branches  of  the  tunnel 
join,  enlargements  of  the  same  have  been  made.  This  is  neces- 
sary to  give  room  for  the  numerous  fittings,  like  valves  and 
expansion  joints,  required  at  those  points.  And  at  a  great  num- 
ber of  places  manholes  have  been  placed,  both  for  ventilation 
when  work  is  being  done  in  the  tunnels  and  to  facilitate  the 
entrance  to  the  tunnels.  These  manholes  are  very  necessary 
during  the  summer,  as  they  must  be  kept  open  almost  continu- 
ously to  prevent  the  condensation  of  the  moisture  of  the  air  in 
the  tunnels  on  the  covering  of  the  pipss,  which  condensation 
soon  would  ruin  all  the  covering,  notwithstanding  any  kind  of 
painting  of  the  same.  The  average  depth  of  the  crown  of  the 
tunnel  below  the  surface  of  the  ground  is  about  3  feet,  vary- 
ing between  7  and  2  feet. 

The  expansion  of  the  steam  and  return  pipes  in  the  tunnel  could 
only  be  provided  for  in  a  few  cases  by  elbows  and  offsets,  and  a 
large  number  of  the  old-fashioned  expansion  joints  are  being  used. 
By  carefully  anchoring  the  pipe  in  every  direction  at  the  place 
where  the  expansion  joint  is  placed,  and  by  making  it  possible  for 
the  pipe  to  expand  freely  in  the  other  direction,  experience  has 
shoAvn  the  writer  that  these  much-decried  expansion  joints  may 
be  a  source  of  very  little  annoyance. .  It  has  been  made  a  rule  to 
repack  these  joints  once  a  year,  not  because  it  was  certain  that 
they  needed  a  repacking,  but  simply  as  a  precautionary  measure, 
and  the  result  has  been  that  there  has  not  been  any  leaky  expan- 
sion joints.  Sometimes  these  joints  have  been  screAved  up  a  little 
during  the  course  of  the  year,  but  only  because  the  engineer  hap- 
pened to  be  in  the  tunnel,  at  the  place  where  there  was  an  expan- 
sion joint,  for  the  purpose  of  doing  some  other  work.  The  reason 
for  these  o^ood  results  the  writer  sees  in  the  careful  anchorino;-  and 
alignment,  and  he  is  confirmed  in  this  belief  by  the  observation  of 
the  action  of  three  expansion  joints  in  the  pipe  leading  from  the 
central  plant  to  the  pump  house  on  the  lake,  which  pipe  had  been 
put  in  before  the  writer  had  an\^thing  to  do  with  the  plant. 
They  have  been  giving  a  great  deal  of  trouble  by  leaking,  and 
they  have  had  to  be  repacked  several  times  each  year ;  but  the 
pipe  is  not  well  aligned  nor  is  the  anchorage  good,  so  that  it 
could  not  be  expected,  according  to  the  writer's  notion,  to  work 
well 
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All  steam  and  return  pipes  are  covered  with  a  good  quality  of 
sectional  covering.  Yarious  kinds  have  been  used,  but  it  is  yet 
too  early  to  state  any  positive  results  as  to  durability.  One 
thing  is  certain,  however,  that  the  covering  inust  be  thor- 
oughly protected  by  paint,  on  account  of  tlie  moisture  of 
the  air  in  the  tunnels,  and  it  has  been  found  that  the  best 
protection  is  found  by  giving  the  covering  two  coats  of  heavy 
asphaltum  paint. 

The  buildings  from  which  the  water  of  condensation  flows  back 
to  the  central  plant  by  gravity  are  the  following  ones  :  University 
Hall,  N'orth  Hall,  Law  Building,  Science  Hall,  and  the  machine 
shop.  In  the  remaining  buildings — Ladies'  Hall,  chemical 
laborator}^,  armor v,  and  New  Library — receivers  are  provided, 
from  which  automatic  pumps  return  the  water  to  the  central 
plant.  It  has  been  found  b}^  experience,  as  should  be  expected, 
that  these  automatic  pumps  only  act  as  steam  traps  as  long  as 
the  pressure  of  the  steam  does  not  exceed  the  pressure  correspond- 
ing to  the  head  of  water  between  the  pump  and  the  receiver  in 
the  central  plant  plus  the  friction  in  the  pipe.  This  limit  has 
made  it  necessary  to  introduce  traps  in  some  of  the  buildings 
where  the  pumps  are  used. 

All  of  the  buildings  connected  with  the  central  plant,  except 
the  pump  house,  are  now  provided  with  fans  for  ventilation.  In 
some  of  the  buildings,  like  University  and  JSTorth  halls,  chemical 
laboratory,  and  the  armorv,  the  heatmg  is  principally  done  by 
the  coils  in  connection  with  the  fan.  In  the  others  the  fans  are 
principally  used  for  ventilation.  In  three  buildings — Science  Hall, 
Ladies'  Hall,  and  the  Law  Building — the  motive  power  of  the  fans 
is  the  electric  current,  Avhereas  in  the  others  steam  engines  are 
used,  of  which  there  are  various  makes  in  use,  the  exhaust  steam 
being  in  all  cases  used  for  heating.  As  can  be  imagined  from  the 
fact  that  a  number  of  different  architects  have  planned  the  heat- 
ing apparatus  of  the  various  buildings,  the  systems  are  of  various 
kinds  and  efficiency. 

During  the  last  five  years  the  heating  plants  of  all  of  the  build- 
ings have  been  improved  in  various  ways,  so  that  at  present  all 
the  buildings  can  be  heated  and  ventilated  in  a  fairly  satisfactory 
manner.  The  following  table  contains  the  amount  of  direct  and 
indirect  heating  found  in  the  several  buildings.  It  should  be 
borne  in  mind  that  the  indirect  surface  is  all  used  in  connection 
with  a  fan. 
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Direct. 

Armory 1,200  square  feet 

North  Hall 800       ■' 

Universitv  Hall    . .    0,000       " 

I.aw  Building 3,000       " 

Chemical  liaboratory.  ..  .  2,500       "         " 

Ladies' Hall 8,000       " 

Machine  Shop 1,500       " 

Science  Hall 8,000       " 

Pump  House 300       " 

New  Library 10,500       " 

53,800  28,500 

In  addition  to  furnishing  steam  for  the  above  heating  surface, 
the  central  plant  furnishes  steam  for  heating  water  in  several  of 
the  buikUngs,  but  especially  in  Ladies'  Hall  and  the  armory, 
where  necessarily  a  large  amount  of  steam  is  used  for  this  purpose 
the  year  around.  Steam  is  also  furnished  for  experimental  pur- 
poses to  the  steam  laboratory  in  Science  Hall,  and  to  three 
engines  and  a  steam  hammer  in  the  machine  shop,  also  to  the 
pumps  at  the  lake  shore,  which  pumps  furnish  all  the  water  for 
the  university  and  for  the  State  capitol,  situated  about  one  mile 
from  the  university  campus.  Only  a  small  part  of  the  university 
buildings  are  being  lighted  by  electricity,  the  current  of  which  is 
obtained  from  dynamos  run  by  the  engines  in  the  machine  shop, 
the  remainder  being  lighted  by  gas  or  electricity  furnished  by  a 
private  company. 

The  central  plant  has  to  be  run  the  year  round  to  furnish 
steam  for  the  pumps  and  the  engines  in  the  machine  shop  and 
steam  laboratory.  On  account  of  the  pumps  it  is  even  necessary 
to  run  it  Sundays  during  the  summer  vacation.  Steam  for  heat- 
ing purposes  must,  as  a  rule,  be  furnished  from  October  1st  to 
May  15th,  and  to  heat  water  up  to  commencement,  about  June 
25th.  The  total  amount  of  coal  used  during  the  year  is  about 
4,500  tons.  The  kind  of  coal  used  has  varied  from  year  to  year, 
but  has  always  been  of  Western  origin.  Beginning  with  ordinary 
screenings— nut  and  below — it  was  soon  found  that  because  of  the 
high  freight  charges  it  did  not  pay  to  use  such  low-grade  coal. 
Then  nut  coal  was  tried  for  a  while,  but  for  the  last  three  years 
washed  coal  of  various  sizes,  but  always  smaller  than  nut  coal, 
has  been  used  and  with  very  good  success.  The  price  has  varied 
between  $3.25  and  $2.30  per  ton  for  the  washed  coal,  the  latter 
price  being,  however,  an  exceptionally  low  one,  which  probably 
never  will  be  duplicated.  The  difference  in  price  at  the  mine,  of 
unwashed  and  washed  coal  (screenings),  is  certainly  not  more  than 
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25  cents,  and  there  is  no  question  that  witli  the  freight  rates 
whicli  have  to  be  paid  at  ^ladison  the  coal  is  advanced  in  value 
by  more  than  25  cents  by  being  washed.  This  lias  been  the 
result  of  repeated  tests  at  the  central  phint,  and  the  writer  does 
not  hesitate,  from  the  experience  gained,  to  predict  a  great  future 
for  the  washed  coal  here  in  the  West. 

The  general  efficiency  or  economy  of  the  plant  necessarily 
varies  a  great  deal.  On  account  of  the  changeable  weather,  and 
also  on  account  of  the  varying  demands  on  steam  from  the  labor- 
atories and  the  machine  shop,  the  boilers  in  the  central  plant 
sometimes  have  to  be  run  very  much  below  their  most  economical 
ratino^,  and  at  other  times  verv  much  above,  in  both  cases  reduc- 
ing  the  economy.  Boilers  are  fired  up  or  let  out  as  often  as 
human  foresight  can  see  the  advantage  of  a  change ;  but  it  is 
impossible  to  foresee  all  the  demands  in  time,  and  the  result  is  as 
above  stated.  A  large  number  of  tests  of  the  boiler  plant  have 
been  made,  and  the  writer  gives  below  the  results  from  three  of 
these,  l^o  tests  have,  however,  been  made  in  the  coldest  weather, 
because  of  the  large  amount  of  work  required  for  Avheeling  in  and 
weiofhinof  the  coal.  The  tests  recorded  below  have  been  made  in 
moderate  weather,  and  with  the  aid  of  a  number  of  students  in  the 
College  of  Mechanics  and  Engineering.  The  coal  was  carefully 
weighed,  and  separate  account  kept  of  the  coal  used  for  the  high 
and  low  pressure  boilers.  The  tests  lasted  twenty-four  hours  in 
each  case,  and  the  code  of  rules  prescribed  for  conducting  boiler 
tests  prescribed  by  this  Society  was  carefully  adhered  to,  except 
in  the  matter  of  weighing  the  feed-water.  On  account  of  the 
large  amount  of  feed-Avater,  and  because  there  were  separate  feed 
pumps,  this  was  found  impracticable,  and  the  reading  by  meters 
was  substituted.  However,  these  meters  were  very  carefully 
calibrated  in  place,  the  pumps  working  at  their  ordinary  rate, 
pumping  water  of  the  ordinary  temperature,  and  against  the  ordi- 
nary pressure,  the  water  being  weighed  and  the  reading  of  the 
meters  beino^  taken  for  several  hours.  Because  of  this  careful 
calibration  the  writer  believes  that  the  results  obtained  by  the 
tests  are  perfectly  reliable.  In  the  tests  given  below  three  differ- 
ent washed  coals  were  used,  and  it  is  interesting  to  compare  the 
results.  It  should,  however,  be  remembered  that  the  results  can- 
not  be  fairly  compared,  as  they  were  not  the  same  boilers  which 
were  used  in  all  three  cases,  nor  were  the  boilers  run  in  each  case 
up  to  the  same  percentage  of  their  rated  capacity,  from  which 
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last  fact  also  a  difference  in  economy  niiglit  be  expected.  In  the 
first  two  tests  given  below,  the  economizer  was  used  for  the  higli- 
pressure  boilers,  Avhereas  it  was  not  used  in  the  tliird.  Again,  the 
first  two  tests  were  made  two  years  ago,  and  the  old  chimney 
was  then  the  only  one  built ;  whereas,  in  the  last  test  made, 
March  10th  and  11th  of  this  year,  the  new  chimney  was  used  for 
all  boilers.  Because  of  the  better  draught  obtained  with  the  new 
chimney,  it  w^as  to  be  expected  that  the  results  should  be  the  best 
in  the  last  test,  as  they  actually  were.  However,  it  seems  also 
justifiable  to  draw  the  conclusion  that  of  the  three  coals  used  in 
the  three  tests,  the  New  K^entucky  coal  (Big  Muddy)  is  the  best 
of  the  three. 

Calorimeter  tests  of  the  steam  from  each  boiler  were  made  once 
an  hour.  Steam-pressure  readings  were  taken  every  quarter  hour. 
Temperatures  of  flue  gases  and  draught  readings  Avere  taken  once 
an  hour.  Feed-water  temperatures  were  taken  once  an  hour,  at 
the  pumps;  the  temperature  of  the  high-pressure  feed  was  also 
taken  on  entering  and  leaving  the  economizer  in  the  first  two 
tests.  The  moisture  in  the  coal  was  determined  by  selecting  a 
sample  of  100  pounds  and  drying  it  for  twent\^-four  hours.  The 
coal  used  during  the  first  test  was  Indiana  \vashed  nut  from  Cox- 
ville,  Ind.;  it  showed  3J  per  cent,  moisture.  During  the  second 
test  Illinois  washed  pea  coal  from  Carterville,  111.,  was  used,  con- 
taining 12  per  cent,  of  moisture.  This  excessive  amount  of 
moisture  was  due  to  heavy  rains  the  day  before  and  during  the 
test.  Washed  ISTew  Kentucky  pea  coal  (Big  Muddy)  from  Mur- 
physboro.  111.,  was  used  in  the  third  test.  It  was  found  to  contain 
about  8  per  cent,  moisture,  part  of  which  was  due  to  a  large 
amount  of  snow  which  had  fallen  on  the  cars  from  which  the 
coal  was  taken. 

The  boilers  used  during  the  first  test  were  those  that  are  num- 
bered 2,  3,  4,  5,  and  6  on  Fig.  312 ;  during  the  second  test,  2,  3,  4, 
and  5  were  used ;  and  boilers  1,  2,  3,  and  4  were  used  during  the 
third  test. 

Dimensions  and  proportions  : 

Grate  Surface.  Heating  Surface. 

Boiler   No.  1 49    square  feet  2,180 

"2 45         "         "  1,550 

"3 4U       "         "  1485 

"4 41:^       "         '  1,185 

*'         "    5 41i       "         "  1,185 

"    G  35        "         "  956 

The  economizer  has  a  heating  surface  of  1,508  square  feet. 
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Test  No.  1. 

The  average  pressure  on  the  high-pressure  boilers  Xos.  2  and  3 
was  89  pounds,  and  on  the  low-pressure  boilei-s  4,  5,  and  G  was  39 
pounds.  The  draught  was  .177  before  entering  the  economizer, 
and  .43  after  leaving  the  same.  The  temperature  of  the  external 
air  was  13  degrees  Fahr.,  that  of  the  fire  room  72  degrees  Faiir., 
that  of  the  escaping  gases  before  entering  the  economizer  484 
degrees  Fahr.,  and  after  leaving  it  349  degrees  Fahr.  The  aver- 
age temperature  of  the  feed- water  at  the  pumps  for  the  high- 
pressure  boilers  was  172.2  degrees  Fahr.,  and  for  the  low-pressure 
boilers  183.3  degrees  Fahr.  The  average  temperature  of  the  feed- 
water  for  the  high-pressure  boilers  before  entering  the  economizer 
was  171.8  degrees  Fahr.,  and  after  leavinsr  it  270  deo^rees  Fahr. 

The  total  amount  of  coal  burnt  under  the  high-pressure  boilers 
was  20,338  pounds,  and  under  the  low-pressure  boilers  24,800 
pounds.  As  the  moisture  was  3.5  per  cent.,  the  weights  of  dry 
coal  were  19,628  and  23,932  pounds  respectively.  The  total  refuse 
was  1,379  and  1,698  pounds  respectively,  making  7.05  per  cent, 
and  7.1  per  cent.  ash.  The  total  combustible  was  18,249  and 
22.234  respectively.  The  total  amount  of  water  evaporated  was 
2,623.3  cubic  feet,  or  159.350  pounds  for  the  high-pressure  boilei^, 
and  2,970  cubic  feet,  or  179,772  pounds  for  the  low-pressure  boilers. 
The  quality  of  steam  found  from  the  calorimetric  tests  was  98.5 
and  98.4  respectively.  The  equivalent  evaporation  of  water  into 
dry  steam  from  and  at  212  degrees  Fahr,  was  169,200  pounds  for 
the  high-pressure  boilers  with  the  economizer,  and  153,200  pounds 
without  it,  and  186,450  pounds  for  tiie  low-pressure  boilers. 

Water  actually  evaporated  per  pound  of  dry  coal  from  actual  pressures  and 
temperatures  : 

Higfh-pressure  boilers. 7.997 

Low-pressure        "       ....    7. -IS 

Equivalent  water  evaporated  per  pound  of  dry  coal  from  and  at  212  degfrees 
Fahr.  : 

High-pressure  boilers  with  economizer 8.64  pounds 

without     '*  7.81       " 

Low-pressure         "       7.8         " 

Equivalent  water  evaporated  per  pound  of  combustible  from  and  at  212  degrees 
FahY.  : 

High -pressure  boilers  with  economizer 9.27  pounds 

without     "  8.4 

Low-pressure        "       8.38      " 
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The  liigii-})rossurc  boilers  were  rated  by  their  builders  at  275 
horse-power,  the  low-pressure  boilers  at  3'30  horse-power.  During 
the  test  the  high-pressure  boilers  developed  on  an  average  only 
204  commercial  horse-power  with  the  economizer,  and  185  without 
it;  consequently  they  Avere  run  at  32.Y  per  cent,  below  rating. 
The  low-pressure  boilers  developed  during  eleven  liours,  when  all 
three  Avere  being  used,  206  horse-power;  during  the  thirteen  other 
hours,  Avhen  only  4  and  5  were  being  used,  190  commercial  horse- 
powder  ;  they  Avere,  therefore,  being  run  22.4  per  cent,  and  24  per 
cent.  beloAV  the  commercial  rating. 

Test  No.  2. 

The  average  pressure  on  the  high-pressure  boilers  Avas  8Y.6 
pounds,  and  that  on  the  loAV-pressure  boilers  40.26  pounds.  The 
draught  Avas  .16  inch  before  entering  the  economizer,  and  .354  inch 
after  leaving  it.  The  temperature  of  the  external  air  Avas  38.7 
degrees  Fahr.,  that  of  the  fire  room  68.8  degrees  Fahr.;  that  of 
the  escaping  gases  before  entering  the  economizer  356  degrees 
Fahr.,  after  leaving  it  295  degrees  Fahr.  The  aA^erage  tempera- 
tures of  the  feed- water  at  the  pumps  were  respectively  159.6  and 
196.8  degrees  Fahr.,  and  the  average  temperature  of  the  feed-Avater 
at  the  economizer  was  160  degrees  Fahr.;  after  leaving  it,  it  Avas 
237  degrees  Fahr.  The  total  amount  of  coal  burned  under  the 
high-pressure  boilers  Avas  16,238  pounds.  In  addition  1,867  pounds 
w^ere  used  for  banking  boiler  'No.  3.  The  total  amount  of  coal 
burned  under  the  low^-pressure  boiler  A\"as  20,564  pounds,  and  in 
addition  491  pounds  Avere  used  for  banking  boiler  No.  4. 

The  moisture  in  the  coal  being  12  per  cent.,  the  following  are 
the  amounts  of  dry  coal  used  under  the  boilers : 

High -pressure  boilers:  14,288  pounds;  for  banking 1,643  pounds 

Low-pressure       "         18,099       "  "         "        433       " 

Refuse  under  bigh-pressure  boilers 1,284       " 

'\  "       low-pressure       "        1,482       " 

making  8.05  per  cent,  and  8  per  cent,  respectively. 

Total  combustible: 

Higb-pressure  boiler  excluding  coal  used  for  banking. .  .  .   13,120  pounds 

"      including     "       "       "         "         14,647       " 

Low-pressure       "      excluding    "       "      "         "         16,648       " 

"       including    "       "      "         "         17,050       " 

Quality  of  steam: 

High-pressure  boiler 98.7  per  cent. 

Low-pressure        "     98.4        " 
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Total  amount  of  water  pumped  into  boilers  and  apparently  evaporated: 

High-pressure  boilers     2,008. 1  cubic  feet,  or 122,494  pounds 

Low-pressure         "         2,348.7  "  " 141,413       " 

Water  actually  evaporated,  corrected  for  quality  of  steam  ; 

High-pressure  boilers 120.902  pounds 

Low-pressure         "      139,150       " 

Equivalent  water  evaporated  in  dry  steam  from  and  at  212  degrees  Fahr. : 

High-pressure  boilers  with  economizer 131,178  pounds 

"  "       without      *'        12o,617 

Low-pressure        "     144, 46r       " 

Water  actually  evaporated  per  pounds  of  dry  coal  from  actual  pressures  and 
temperatures  : 

High-pressure  boilers 7. 57  pounds 

Low-pressure         "      7.58       " 

Equivalent  water  evaporated  per  pound  of  dry  coal  from  and  at  212   degrees 
Fahr. : 

High-pressure  boilers  with  economizer 8.22  pounds 

without         "      7.87 

Low-pressure        "        7.79       " 

Equivalent    water   evaporated   per   pound   of   combustible    from   and   at   212 
degrees  Fahr. : 

High-pressure  boilers  with  economizer 8.93  i)ounds 

without      •'         8.57 

Low-pressure        "        8 .  50       * ' 

Commercial  horse-power  : 

High-pressure  boilers  with  economizer 158.5  horse-power 

"       without       "         151.7 

Low-pressure        " 174.  " 

Builder's  rating: 

Nos.  2  and  3 150  HP.  +  125  HP.  =  275  horse-power 

Nos.  4  and  5 125  HP.  -f  125  HP.  =250 

Horse-power  developed  by  boiler  No.  2  for  17.6  hours 

without  economizer 145  horse-power 

Percentage  of  horse-power  developed  below  rating.  .  . .  3.33 
Horse-power  developed  by  boilers  Nos.  2  and   3  for  6.3 

hours  without  economizer 172  horse-power 

Percentage  below  rating 36.3 

Horse-power  developed  by  boilers  Nos.  4  and  5  for  2.55 

hours 135  horse-power 

Percentage  above  rating.    8 

Horse-power  developed  by  boilers  Nos.  4  and  5  for  21 .25 

hours 1"9  horse-power 

Percentage  below  rating 28. 4 
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Test  No.  3. 

During  this  test  the  economizer  Avas  not  used  and  no  ])oilers 
were  banked. 

The  average  pressure  of  the  steam  on  the  high-pressure  boilers 
was  101  pounds,  on  the  low-pressure  boilers  50  pounds.  The 
average  draught  was  .434  inch.  The  temperature  of  the  ex- 
ternal air  was  42  degrees  Fahr.,  that  of  the  fireroom  81  degrees 
Fahr.  The  average  temperature  of  the  gases  escaping  from 
boiler  No.  1  was  593  degrees  Fahr.  The  average  temperature  of 
the  feed-water  at  the  pumps  was  180  degrees  Fahr.  for  the  high- 
pressure  boilers  and  179  degrees  Fahr.  for  the  low-pressure  boilers. 

The  total  amount  of  coal  burned  : 

Under  high. -pressure  boiler  (No.  1) 21 ,762  pounds 

"       low-pressure  boilers  (Nos.  2,  3,  4). . .    36,090       " 

The  moisture  in  the  coal  was  9  per  cent.;  therefore  the  weights 
of  burned  dry  coal  were  as  follows : 

High-pressure  boilers  20,021  pounds 

Low-pressure         "      33,203       " 

Refuse  under  high-pressure  boiler 1,925       " 

"      low-pressure       " 3,193 

making  10.9  per  cent,  and  9.6  per  cent,  respectively. 

Total  combustible: 

High-pressure  boilers 18,096  pounds 

Low-pressure        "      30,010 

Quality  of  steam  : 

High-pressure  boiler  (No.  1) 97.1  percent. 

Low-pressure        "     (No.  2) 99.1         " 

''    (No.  3) 98.4 

«♦  "    (No.  4) 98.0 

Total  amount  of  water  pumped  into  boilers  and  apparently  evaporated  : 

High-pressure  boiler 165,993  pounds 

Low-pressure        "     256,375       " 

Water  actually  evaporated,  corrected  for  quality  of  steam  : 

High-pressure  boiler 161,179  pounds 

Low-pressure       "      252,529       " 

Equivalent  water  evaporated  into  dry  steam  from  and  at  212  degrees  Fahr.: 

High-pressure  boiler » 172,955  pounds 

Low-pressure       "      267,767       " 


HEATING   PLANT   OF   THE    UNIVERSITY   OF   WISCONSIN.        019 

Water  actually  evaporated  per  pound  of  dry  coal   from  actual  pressures  and 
temperatures: 

High-pressure  boiler 8.05  pounds 

Low-pressure       "      7.61       " 

Equivalent  water  evaporated  per  pound  of  dry  coal  from  and  at  212  degrees 
Fahr. : 

High-pressure  boiler 8.64  pounds 

Low-pressure       "     8.06       " 

Equivalent    water  evaporated    per   pound    of   combustible    from   and   at   212 
degrees  Fahr. : 

High-pressure  boiler 9.56  pounds 

Low-pressure       "     8.92       " 

Commercial  horse -power  : 

High-pressure  boiler 209  horse-power 

Low-pressure        "     324  * ' 

Builder's  rating: 

High-pressure  boiler 200  horse-power 

Low-pressure  boilers,  150(1)^125  (2) +  125  (3)  400 

Percentage  of  horse-power  developed  above  rating, 
high-pressure  boiler 4.5 

Percentage  of  horse-power  developed  below  rating,  low- 
pressure  boilers 14 

The  difference  in  evaporative  performance  between  the  one 
high-pressure  and  the  three  low-pressure  boilei's  in  the  third  test  is 
partly  due  to  the  fact  that  the  former  was  probably  running  at  its 
most  economical  rate,  whereas  the  latter  were  running  at  a  lower 
rate.  Secondly,  the  one  high-pressure  boiler  was  a  Babcock- 
Wilcox  boiler,  which  had  only  been  used  for  about  four  months, 
and  which,  consequently,  was  nearly  clean,  besides  being  probably 
more  economical  because  of  its  design  than  the  two  return-tubular 
boilers  used  for  the  low  pressure.  It  is  also  probable  that  the  fact 
that  the  high-pressure  boiler  was  a  larger  unit  contributed  to  the 
increased  economy. 

With  reference  to  all  of  the  tests  it  should  be  stated  that  no 
special  cleaning  or  other  preparations  were  made  for  the  tests,  so 
that  the  results  show  the  actual  performance  of  the  plant  as  run 
throughout  the  winter,  or  at  least  in  similar  weather.  It  is  per- 
haps to  be  expected  that  the  economy  is  somewhat  higher  in 
more  severe  weather,  when  all  of  the  boilers  are  running  more 
neai'ly  up  to  their  rated  capacity,  and  when  the  draught,  as  has 
been  shown  by  observation,  is  considerably  better  than  the  draught 
recorded  in  these  tests. 
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The  results,  as  recorded  in  these  tests,  are  not  extraordinary, 
but  on  the  other  hand  they  ought  to  be  considered  as  fairly  satis- 
factory, especially  if  it  is  kept  in  mind  that  the  coals  used  were 
all  Western,  and  of  small  size,  although  washed. 

By  various  gas  analyses  it  has  been  found  that  there  nearly 
always  is  an  excess  of  air.  This  was  also  the  case  in  the  three 
tests.  But  with  a  mechanical  stoker  it  is  almost  impossible  to 
prevent  it.  In  the  last  test  it  was  less  so  with  the  high-pressure 
boiler,  because  of  the  more  rapid  consumption  of  coal,  and  this 
fact  also  points  in  the  same  direction,  as  was  indicated  before, 
that  the  boilers  will  give  better  economy  when  run  well  up  to 
their  rated  capacity. 

In  the  series  of  tests,  as  given  above,  only  the  most  essential 
data  are  given,  as  it  was  thought  that  in  a  paper  of  this  kind 
more  details  would  not  add  anything  of  interest. 

In  conclusion,  the  writer  desires  to  repeat  that  he  does  not 
expect  that  the  plant  described  is  going  to  be  looked  on  as  a 
model  of  its  kind — quite  on  the  contrary  ;  but  because  of  the  pecu- 
liarities in  the  conditions  which  had  to  be  met,  it  is  hoped  that 
something  of  interest  may  be  found  in  the  foregoing  paper. 

DISCUSSION. 

Mr.  William  H.  Bryan. — Professor  Bull's  description  of  the 
difficulties  met  with  in  the  reconstruction  of  his  heating  plant, 
and  the  methods  by  which  the  problems  were  solved,  is  quite 
interesting.  The  carrying  of  two  different  pressures  in  the 
same  boiler  plant,  however,  is  to  be  avoided  wherever  possible. 
It  complicates  the  piping,  and  involves  the  use  of  two  independ- 
ent systems  of  boiler  feeding,  besides  which  more  boilers  must 
be  kept  in  operation,  as  a  rule.  For  instancs,  when  the  steam 
required  by  each  system  is  a  little  more  than  one  boiler  can 
handle,  three  boilers  would  do  the  work  with  the  combined 
system,  while  four  would  be  required  with  separate  systems. 
Why  would  it  not  have  been  entirely  feasible  to  have  carried  100 
pounds  on  all  the  boilers,  reducing  it  to  40  pounds  for  heating? 
This  reduction  could  be  performed  by  a  special  reducing  valve  ; 
or  it  is  quite  likely  that  the  ordinary  stop  valve  could  be 
throttled  so  as  to  serve  this  purpose,  as  the  work  is  no  doubt 
quite  uniform.     Has  this  ever  been  tried  ? 

Professor  Bull  states  that  the  returns  are  all  discharged  into 
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a  receiver  through  traps,  this  being  necessary  on  account  of  the 
different  pressures  carried.  Woukl  not  this  be  simplified  by 
carrying  a  pressure  low  enough  to  suit  the  building  most 
difficult  to  heat,  letting  its  condensation  return  by  gravity, 
using  traps  on  the  others  ? 

Professor  Bull  also  calls  attention  to  the  fact  that  automatic 
pumps  only  act  as  traps  as  long  as  the  heating  pressure  does 
not  exceed  the  pressure  against  which  the  pump  is  expected  to 
lift.  In  such  cases  there  would  be  no  need  of  a  pump  at  all,  as 
the  returns  would  flow  to  the  receiver  by  gravity.  If  the 
pressure  fluctuates,  the  pump  could  be  by-passed,  so  that  the 
returns  would  flow  by  gravity  whenever  the  conditions  were 
favorable.  Of  course,  if  there  is  a  considerable  excess  of 
pressure  over  that  in  the  receiver,  traps  would  be  required. 
Another  good  plan  would  be  to  apply  a  vacuum  system,  such  as 
the  Paul  or  Webster,  to  the  radiators  of  all  the  buildings,  the 
returns  all  going  directly  to  a  single  closed  receiver,  those  from 
the  low-pressure  buildings  being  pumped. 

Referring  to  smokeless  furnaces,  my  experience  shows  that 
the  down-draught  and  other  good  types  are  capable  of  giving 
good  results  in  smoke  prevention  and  efficiency  even  when 
forced  considerably  beyond  their  ratings. 

Mr.  Reginald  Pelliam  Bolton. — There  are  some  considerable 
questions  raised  by  this  paper,  which  do  not  appear  on  the  face 
of  it.  It  appears  to  me  as  if  it  was  a  very  doubtful  question 
indeed  whether  the  decision  to  employ  a  central  boiler  house 
for  this  heating  work  was  a  good  one.  The  buildings  are  very 
much  scattered,  and  the  guiding  decision,  as  recited  by  the 
author  in  the  paper,  appears  to  have  been  that  a  great  deal  of 
money  had  been  spent  on  the  boiler  house,  and  that  therefore 
they  must  spend  a  great  deal  more  to  bring  it  up  to  the  mark,  and 
a  further  consideration  was  that  they  desired  to  use  soft  coal.  It 
would  have  appeared  to  me  in  that  connection  that,  as  they  were 
already  using  a  very  satisfactory  kind  of  coal  without  any  smoke 
nuisance,  they  were  jumping  out  of  the  frying-pan  into  the  fire 
by  trying  to  use  soft  coal,  and  then  adopting  expensive  devices 
to  do  away  with  the  smoke  nuisance. 

This    layout  of  a  central    heating   station  for  a  number  of 

isolated  buildings  is  a  very  favorite  one.     I  had  one  such  case, 

of  a  university  to  be  heated  from  a  central  station,  and  carried 

it  out  somewhat  in  this  manner,  not  altogether  with  successful 
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results,  and  I  am  inclined  to  think  that  this  whole  plan  would 
require  considerable  reconsideration  if  it  were  taken  up  upon  a 
proper  basis.  I  can  understand  that  the  author  may  not  have  had 
a  free  hand.  At  the  same  time  it  should  not  go  on  record  as 
being  an  ideal  arrangement.  In  the  first  place,  the  adoption  of 
two  pressures  for  heating  is  a  rank  absurdity.  It  is  manifest 
that  it  was  a  concession  to  the  fears  of  persons  who  were  not  at 
all  acquainted  with  steam  practice  in  any  way,  and  who  laid  down 
an  arbitrary  line  as  to  what  was  dangerous  and  what  was  not 
dangerous  at  30  pounds  or  40  pounds  pressure !  In  any  case, 
the  carrying  of  two  sets  of  mains,  one  for  heating  and  one  for 
power  purposes,  was  absurd,  because  there  were  many  fans  and 
much  other  apparatus  scattered  through  the  different  buildings, 
the  exhaust  of  which  should  be  used  for  heating,  and  which 
was  apparently  all  thrown  away.  There  is  only  about  800 
horse-power  of  heating  surface  in  the  entire  buildings,  and 
they  have  1,160  horse-power  in  this  boiler  plant,  which  goes  to 
confirm  the  idea  which  I  have  arrived  at  from  reading  the  paper 
— that  the  exhaust  steam  is  thrown  away.  The  author's  con- 
clusion that  it  would  not  have  paid  to  have  carried  in  the 
tunnels  steam  of  low  pressure  is  a  false  conclusion.  I  do  not 
see  any  reason  why  the  low  pressure  should  not  have  been 
carried,  without  reducing  valves,  to  those  buildings  if  it  had 
been  necessary ;  but  I  would  not  say  that  in  this  case  it  should 
be  necessary.  The  best  way  would  be  to  carry  high-pressure 
steam  to  all  these  buildings,  to  have  had  the  various  engines 
exhausted  into  the  heating  system,  and  to  have  by-passed  the 
live  steam  through  a  reducing  valve  into  the  heating  system. 

The  methods  by  which  the  condensed  water  from  the  heating 
system  was  returned  to  the  boiler  house  were  faulty.  They 
appear  to  have  placed  receivers  with  pumps  in  the  various 
buildings,  acting  as  a  trap  for  the  whole  of  the  heating  system. 
That  means  to  say  that  the  steam  was  put  into  the  radiating 
system  and  the  return  opened  into  this  common  receiver,  all 
alike  discharging  into  this  one  receiver.  The  consequence  was, 
as  stated  by  the  author  on  page  906,  that  he  found  a  limit  to  the 
efficiency  of  this  receiver  and  pump  as  a  trap,  and  had  to  intro- 
duce traps  between  the  heating  surfaces  and  the  receiver.  That 
is  what  I  should  have  expected  he  would  find.  The  fact  is 
that  the  whole  of  this  part  of  the  plant  might  be  very  greatly 
improved.     The  modern  practice  nowadays  is  all  in  the  direc- 
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tion  of  eacli  heating  unit  being  separately  trapped,  and  that  is 
what  shouhl  be  done  in  this  case. 

I  notice  a  very  curious  statement  here,  that  they  added  a 
feed  heater,  and  that  the  heater,  raising  the  temperature  c^f  the 
feed  water  somewhat,  discharges  into  a  hot-welh  It  seems  to 
me  a  very  curious  piece  of  practice  to  heat  your  water  in  a 
closed  heater  and  discharge  it  into  an  open  well.  I  should  have 
thought  that  the  proper  place  for  the  heater  was  beyond  the 
well  on  the  way  to  the  boiler.  The  net  result  is  very  ineffective 
and  disappointing.  The  temperature  of  the  feed  is  apparently 
only  170  degrees.  It  would  pay  these  people  to  take  live  steam 
out  of  the  boiler  and  heat  that  up  to  208  or  210  degrees,  if  only 
for  the  sake  of  adding  to  the  life  of  the  boilers. 

The  author  seems  to  lay  a  great  deal  of  stress  on  the  state- 
ment which  appears  on  page  907,  that  it  has  been  found  neces- 
sary to  use  steam  at  higher  pressure  for  the  tempering  coils 
than  is  used  for  the  direct  radiation  under  similar  circum- 
stances. There  is  something  in  that.  The  tempering  coil  may 
be  very  much  exposed  to  the  atmospheric  conditions  and  may 
need  high  pressure  there  ;  but  one  would  read  from  that  ex- 
pression of  his,  and  from  other  parts  of  his  statements,  that  he 
uses  high-pressure  steam  in  the  coils  for  the  fans.  I  think  that 
is  a  mistake.  Our  modern  practice  shows  that  you  can  get  as 
good  results  from  low-pressure  as  from  high-pressure  steam. 
That  is  a  statement  which  sounds  queer,  because  there  are 
more  heat  units  in  high-pressure  steam  ;  but  it  is  one  which  can 
be  borne  out  in  actual  practice.  The  complication  of  the  two 
pressures  which  are  carried  appears  to  add  very  greatly  to  the 
cost  of  running  this  plant.  You  will  see  on  page  908  that  two 
feed  pumps  have  to  be  run  all  the  time.  There  are  two  mains 
under  pressure,  with  their  friction  and  their  losses,  and  alto- 
gether that  is  a  most  undesirable  feature,  and  I  should  want  to 
change  it  very  promptly. 

Passing  on  to  page  908,  the  author  deals  with  the  plant  which 
has  been  designed  for  handling  the  coal.  It  appears  to  me  that 
there  is  a  good  deal  to  be  said  on  the  question  as  to  whether 
these  coal-handling  appliances  pay  for  themselves.  I  have 
installed  a  very  large  plant  of  that  nature,  and  now  that  we 
have  it  we  find  that  its  chief  use  is  to  keep  the  coal  under 
cover,  which  might  be  done  at  much  less  expense  by  erecting 
sheds  on  the  ground  level  outside.     The  cost  of  maintenance  of 


924        HEATING   PLANT  OF  THE   UNIVERSITY   OF   WISCONSIN. 

these  coal  elevators  is  quite  considerable,  and  also  tlie  wear  and 
tear  u])on  them.  The  interest  and  depreciation,  of  course,  have 
to  be  taken  into  account,  and  it  simply  results  in  having  lifted 
your  coal  up  to  a  certain  point  to  act  as  a  gravity  delivery  to 
automatic  stokers.  Everybody  has  his  own  opinion  of  auto- 
matic stokers,  but  my  experience  has  been  that  unless  a  plant 
is  exceedingly  large  they  are  simply  a  means  of  making  the 
human  stokers  idle.  The  men  have  to  be  there,  and  they 
stand  around  and  watch  this  machinery  operate.  We  have  to 
pay  them,  and  I  think  it  is  preferable  to  keep  them  occupied. 
As  I  say,  the  whole  question  might  be  discussed  in  very  special 
detail  as  to  whether  such  a  plant  as  this  would  require  coal- 
lifting  devices. 

On  page  908  I  might  venture  to  criticise  a  small  detail  in  the 
method  of  carrying  the  pipes  in  the  tunnel.  I  see  they  are  sup- 
ported by  chains  with  a  roller  underneath.  That  is  a  super- 
fluity ;  if  the  chains  are  there  the  roller  is  not  wanted,  and  vice 
versa.  Personally  I  have  a  strong  prejudice  against  hanging 
pipes  by  chains,  and  always  forbid  it.  There  is  no  method  of 
close  adjustment,  and  the  proper  way  is  by  a  hanger  with  a 
thread  and  nut  on  it,  so  that  the  pipe  can  be  absolutely  aligned. 
By  the  other  method  we  have  no  means  of  alignment. 

The  author  would  have  contributed  much  to  the  interest  of 
the  paper,  to  my  mind,  if  on  page  911  he  had-  given  us  a  little 
more  data  as  to  the  sectional  covering  which  he  used  to  cover 
his  pipes  on  the  underground  work.  There  is  a  question  which 
comes  in  very  prominently  as  to  the  lasting  character  of  these 
coverings  in  such  positions,  and  one  would  have  liked  to  have 
learned  more  about  it.  I  might  say  that  on  the  question  of 
returns  I  should  have  supposed  that  one  of  the  vacuum  systems 
would  have  been  an  ideal  addition  to  this  plant.  Here  is  a  con- 
dition where  it  is  required  to  get  water  back  from  different  levels 
at  different  points  over  a  large  area,  and  a  vacuum  system  would 
have  delivered  that  water  back  without  any  difficulty.  All  the 
independent  receivers  and  pumps  scattered  about  these  build- 
ings might  then  be  torn  out  and  replaced  by  one  in  the  central 
power  house. 

A  strong  point,  to  my  mind,  against  the  adoption  of  a  central 
power  and  heating  plant  in  this  particular  instance  is  made  on 
page  913.  You  will  notice  that  the  general  efficiency  and  econ- 
omy of  the  plant  vary  a  great  deal  "  on  account  of  the  change- 
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able  weather,  and  also,  on  account  of  the  various  demands  on 
steam  from  the  hiboratories  and  the  machine  shop,  boik^rs  in  the 
central  plant  sometimes  have  to  be  run  very  much  below  their 
most  economical  ratings."  That  is  the  whole  trouble  with  these 
central  stations  ;  unless  they  are  very  largely  subdivided,  and  you 
get  your  units  down  so  that  you  can  be  sure  of  their  doing  their 
best  duty  when  the  load  is  light,  you  get  this  condition  of  vari- 
ation—  a  large  staff  of  men,  very  expensive  machinery,  the  whole 
of  which  has  to  be  run  for  perhaps  a  very  small  fraction  of  the 
total  power  of  the  installation.  We  are  in  these  days  a  little 
crazy  on  central  station  work,  and  I  think  perhaps  we  are  run- 
ning it  into  the  ground.  This  is  one  case  in  point  to  my  mind. 
I  must  not,  however,  be  put  on  record  as  being  altogether  averse 
to  central  station  plants,  for  I  think  they  have  their  proper 
position. 

The  tests  of  the  boilers  are  interesting,  but  tests  of  the  whole 
combined  plant  would  have  been  more  interesting,  and  we  then 
should  have  learned  a  good  deal  more  about  the  value  of  the 
entire  apparatus. 

Mr,  William  Kent  — On  page  914  the  paper  says :  "The  moisture 
in  the  coal  was  determined  by  selecting  a  sample  of  100  pounds 
and  drying  it  for  twenty-four  hours."  It  is  not  stated  how  it  was 
dried ;  but  the  probability  is  that  it  was  done  in  the  old- 
fashioned  way  by  putting  it  up  over  the  boiler,  and  consequently 
it  cannot  be  known  whether  the  coal  was  completely  dried  or 
not.  The  results  apparently  showed  that  the  coal  was  not  dried, 
for  the  author  says  :  "  The  coal  used  during  the  first  test  was 
Indiana  washed  nut  from  Coxville,  Ind.  ;  it  showed  3J  per  cent, 
moisture."  It  is  very  doubtful  if  there  is  any  coal  in  the  State 
of  Indiana  which  has  as  little  moisture  as  that.  He  says  fur- 
ther :  "  During  the  second  test  Illinois  washed  pea  coal  from 
Carterville,  111.,  was  used,  containing  12  per  cent,  of  moisture. 
This  excessive  amount  of  moisture  was  due  to  heavy  rains  the 
day  before  and  during  the  test."  That  figure  is  not  excessive. 
I  have  found  a  piece  of  coal  from  Illinois  that  looked  apparently 
dry  ;  it  was  kept  in  a  dry  place  under  a  shed  for  two  months,  and 
had  then  14  per  cent,  of  moisture  in  it.  "  Washed  New  Kentucky 
pea  coal  (Big  Muddy)  from  Murphy sboro.  111.,  was  used  in  the 
third  test.  It  was  found  to  contain  about  8  per  cent,  moisture, 
part  of  which  was  due  to  a  large  amount  of  snow  which  had 
fallen   on  the   cars  from  which  the   coal  was  taken."     I  have 
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fouud  as  much  as  8  per  cent,  of  moisture  in  that  same  coal  when 
it  was  a2)parently  perfectly  dry.  So  the  moisture  tests  are 
probably  erroneous. 

r/-()/'.  Forrest  ]{.  Jones.' — My  work  in  the  University  of  Wis- 
consin has  been  in  an  entirely  different  line  from  that  dealt 
Avith  in  the  paper.  But  there  are  two  or  tliree  things  that  I 
think  I  might  mention  here  to  point  out  Avh}^  certain  things 
have  been  done.  In  the  first  place  the  soft  coal  is  very  much 
cheaper  out  there  than  the  hard  coal,  and  that  was  the  main 
reason  for  using  it.  In  all  the  furnaces  which  are  in  use  there  is 
very  little  smoke,  so  there  is  no  objection  from  this  point  of  view. 
As  to  its  being  an  ideal  or  model  system,  the  very  first  few  lines 
of  the  author's  paper  say  that  it  is  not  a  model  one.  And,  as 
for  having  sheds  on  the  ground,  the  regents  of  the  university 
are  justly  proud  of  the  beauty  of  the  campus.  They  have 
there  what  they  believe,  and  what  I  believe,  is  one  of  the  most 
beautiful  grounds  of  any  university  in  this  country,  and  I  think 
there  is  only  one  university  whose  grounds  equal  or  surpass 
it,  and  that  is  Cornell  University.  They  desire  just  as  much  to 
keep  their  grounds  looking  handsome  as  residents  of  Washing- 
ton desire  to  keep  Washington  handsome.  For  that  reason 
they  have  gone  to  some  extra  expense  in  many  cases  to  prevent 
the  erection  of  any  building  which  would  detract  from  the  beauty 
of  the  grounds.  For  this  reason  no  sheds  for  coal,  or  anything 
of  that  kind,  have  ever  been  erected  on  the  grounds.  Great 
care  has  been  taken  to  keep  all  unsightly  structures  off  the 
ground,  and  this  was  one  reason  for  using  the  underground- 
storage  bin  for  the  coal.  As  it  is  now  arranged  its  roof  is  flush 
with  the  surface  of  the  earth.  The  coal  is  hauled  up,  dropped 
down  through  doors  in  the  roof,  as  commonly  done  through  a 
sidewalk,  and  is  out  of  sight,  and  there  is  nothing  unpleasant 
to  the  eye  about  it.  Another  thing,  by  keeping  the  plant  as  a 
central  plant,  they  have  only  one  place  to  which  coal  must  be 
hauled  and  from  which  cinders  must  be  taken  away,  exclusive 
of  what  we  call  the  agricultural  buildings,  which  are  about  half 
a  mile  away  from  the  central  heating  plant,  and  therefore  the 
wagons  hauling  coal  and  cinders  go  into  only  one  place  on  the 
grounds — near  the  edge — and  they  do  not  have  to  pass  over  the 
driveways,  which  are  kept  up  in  the  best  condition  throughout. 

Mr.  Robison  (Bureau  of  Steam  Engineering,  Navy  Depart- 
ment).— There    is   quite    a   long  distance  between  a  college  in 
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Wisconsin  and  a  naval  engineer's  problem.  But  the  subject  of 
a  central  power  station  such  as  they  have  in  Wisconsin  Uni- 
versity is  one  which  excites  the  naval  engineers  just  at  present. 
The  steam-engineering  machine  shop  in  New  York  was  de- 
stroyed by  fire  last  winter,  and  the  Engineer-in-Chief,  the 
President  of  the  Society,  is  at  present  getting  out  plans  for  a 
new  shop.  The  subject  of  a  power  house  for  that  shop  has 
come  up,  and  in  this  connection  has  come  up  the  question  as  to 
whether  or  not  there  should  be  for  the  navy  yard  at  New  York 
a  central  power  house,  which  should  supply  electric  power  to 
all  tlie  various  machine  shops,  boiler  shops,  etc.,  in  the  navy 
yard.  In  order  to  understand  the  question  that  we  have  there, 
it  is  necessary  to  consider  a  little  bit  the  conditions  of  navy- 
yard  work.  There  are  at  the  Xew  York  yard,  I  think,  four  or 
five  machine  shops,  two  or  three  boiler  shops,  foundry,  pattern 
shops,  etc.  It  would  naturally  be  best  to  have  only  one  shop 
of  each  kind,  and  I  think  that  about  fifteen  or  twenty  years  ago 
Secretarv  Chandler  sjave  an  order  which  would  lead  to  such  a 
thing.  But  the  bureau  system,  which  is  fixed  by  law  uj^on  the 
navy,  and  the  appropriation  system  made  that  single  shop 
uneconomical  ;  it  cost  more  for  the  clerk  hire  and  for  transfer 
of  accounts  than  you  saved  in  the  labor  at  the  machine  shops. 
In  the  navy  yard  there  are  about  forty  or  fifty  buildings,  some 
twenty  of  which  require  power.  I  think  the  power  is  given  to 
those  buildings  at  present  from  five  central  power  stations. 
The  point  is  whether  or  not  we  should  have  only  one  electric 
power  station  to  supply  all  of  these  buildings,  or  whether  we 
should  take  one  power  house  which  would  supply  each  separate 
group  of  buildings  with  steam  for  the  hammers,  for  heating, 
and,  in  the  case  of  the  steam-engineering  building,  for  a  test 
boiler.  The  central  electric  power  station  presents,  of  course, 
advantages  in  the  matter  of  the  cost  of  an  electric  unit.  I  do 
not  know  that  when  the  amount  of  power  required  in  the  vari- 
ous buildings  is  as  great  as  it  is  in  the  case  of  the  New  York 
Navv  Yard  vou  are  cjoinsr  to  save  much  in  the  cost  of  the  unit 
of  electricitv.  You  have  got  about  700  horse-power.  Y'ou  can 
get  it  about  as  cheaply,  if  you  generate  it  where  you  are  going 
to  use  it,  as  you  can  get  it  from  a  distance  of  half  a  mile  with 
the  larger  units  used  in  the  central  station,  using  large  enough 
units  in  a  700  horse-power  installation  to  get  economical 
results.     I  think  that  the   cost  of   operation  in  the  two  cases 
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would  not  be  raucli  different.  The  cost  of  installation  would 
be  reduced  of  course.  In  this  connection  money  costs  the 
Government  just  3  per  cent.  You  have  to  consider  that  when 
you  are  considering  any  question  of  a  Government  plant. 
It  is  not  a  case  of  6  and  sometimes  7  per  cent,  for  com- 
mercial institutions ;  it  is  a  case  of  the  3  per  cent,  that 
money  is  worth  to  the  Government,  and,  in  my  opinion,  any 
questions  of  economy  should  be  based  upon  the  rate  at  which 
the  Government  can  borrow  money.  It  seems  to  me,  speaking 
personally  only,  that  where  you  have  got  to  have  a  steam  plant 
of  any  size  whatever,  as  we  have  to  have  in  the  New  York  Navy 
Yard,  it  is  just  as  well  to  include  in  that  steam  plant  your 
power  house.  You  save  the  cost  of  transmission,  and  that  is 
equal  to  at  least  the  amount  of  saving  that  you  would  have  in 
the  use  of  the  somewhat  larger  unit  which  you  get  in  a  central 
station,  and  you  save  also  some  of  the  difficulties  connected 
with  heating  and  with  transmission  of  steam  to  considerable 
distances  for  steam  hammers,  etc.  We  have  to  have  in  the 
steam-engineering  shops  steam  of  450  or  500  pounds  pressure 
for  testing  the  valves  and  pipes  of  steam  work,  and  as  long  as 
we  have  to  have  a  steam  plant  of  any  size  whatever  we  are  not 
going  to  save  enough  in  labor,  if  we  have  a  central  station,  to 
make  it  pay.  There  are  some  of  the  other  plants  there, 
though,  where  I  think  that  it  might  pay.  The  Bureau  of 
Ordnance  has  a  plant  up  there  that  I  think  has  about  125 
horse-power.  The  Bureau  of  Equipment  has  one  of  only  25 
horse-power.  This  could  readily  be  run  by  electricity,  and 
economically  too.  They  would  save  money  probably.  But  I 
do  not  think  that  if  you  had  plants  of  the  size  which  ours  is 
going  to  be — some  1,200  horse-power— that  you  would  save 
much  money.  Perhaps  you  could  operate  steam  hammers  with 
compressed  air,  in  spite  of  some  difficulty  in  the  exhaust 
passages  of  those  engines  ;  but,  at  any  rate,  we  have  to  have 
steam  in  the  steam-engineering  building  for  our  testing  boiler. 
We  ought  to  have  steam  in  the  buildings  themselves,  I  think, 
where  the  distances  from  a  boiler  house  are  as  much  as  half  a 
mile.  I  do  not  believe  in  transmitting  steam  half  a  mile.  You 
lose  too  much.  The  President  of  the  Society,  the  Engineer-in- 
Chief,  who  has  this  work  in  hand,  has  directed  me  to  request  a 
discussion  of  the  relative  merits  of  the  two  systems  which 
could  reasonably  be  installed  at  the  New  Y'ork  yard :  first,  a 
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central  power  station,  whicli  would  be  under  the  control  of  the 
Bureau  of  Yards  and  Docks,  this  bureau  already  having  charge 
of  the  central  lighting  station ;  and,  second,  a  system  of  power 
stations,  each  to  supply  tlio  buildings  in  the  immediate  vicinity 
of  the  station  and  control  the  supply  for  the  bureau  under 
whose  control  this  separate  station  would  be.  There  are  some 
particulars  where  it  would  paj^  without  question,  to  have  a  cen- 
tral station.  For  instance,  we  have  to  use  pneumatic  appliances 
in  navy  yards  to-day.  They  save  money,  and,  while  money  is 
only  worth  3  per  cent.,  economical  administration  is  the 
point  which  is  desired  by  at  least  one,  and  probably  by  all,  of 
the  bureau  chiefs.  We  have  got  to  put  in,  if  we  want  to  use 
pneumatic  appliances,  a  separate  air  pipe,  running  all  round 
the  yard  to  the  different  docks,  and  the  Bureau  of  Construction 
will  need  separate  air  pipes  too.  It  seems  to  me  foolish  to 
have  three  or  four  lines  of  pipe  doing  the  same  work  when  you 
can  have  one  pipe  doing  the  same  thing.  That  looks  foolish  to 
all  of  us.  It  seems  to  me  that  the  Bureau  of  Yards  and  Docks, 
which  is  charged  with  the  administration  of  the  yard,  main- 
tenance of  the  means  of  transportation,  material,  stores,  should 
put  in  a  line  of  piping  for  pneumatic  or  hydraulic  pressure  for 
necessary  transmissions.  It  might  probably  and  properly  take 
charge  of  electric  transmission  as  between  buildings.  But  I  do 
not  think  they  ought  to  have  a  central  power  station  to  attend 
to  the  whole  thing.  As  I  said,  gentlemen,  the  Engineer-in-Chief 
asked  to  have  a  discussion  of  this  question  to  invite  the 
opinions  of  the  members  as  far  as  possible. 

Frqf.  W\  S.  Aldrich, — I  heartily  sympathize  with  Professor 
Bull  of  the  University  of  Wisconsin  in  this  matter,  reciting  his 
experience  along  what  might  be  termed  the  engineering  end  of  a 
great  university.  The  State  universities  of  to-day  are  undergo- 
ing a  radical  transformation,  and  there  is  no  telling  when  the 
end  will  be  reached  or  a  condition  of  stability  attained,  not  only 
in  business  management,  but  in  engineering  education  as  well  as 
in  engineering  economics.  We  have  here  an  account  of  the 
efforts  put  forth  in  that  direction  in  one  institution. 

It  is  quite  evident  that  there  has  been  brought  about  in  this 
university  power  plant  a  condition  of  affairs  not  altogether  ideal. 
Harmonious  development  may  be  had  from  the  drawing  board 
in  laying  out  the  project  for  a  tall  office  building  or  a  new  uni- 
versity, (/e  ;/ot"o  /  but  one  would  not  look  for  it  in  the  line  of 
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development  by  tlie  method  of  accretion,  adding  to  and  laying 
on  from  the  outside,  rather  than  in  pursuance  of  any  distinct  or- 
ganic law  of  growth  and  development  from  the  start.  It  is  an 
exceedingly  difficult  matter,  with  changing  politics  and  policies, 
with  changing  governing  boards  and  administrations,  to  maintain 
any  definite  line  of  economic  policy  along  the  engineering  fea- 
tures of  an  educational  institution.  Such  an  institution  requires 
light,  heat,  and  power.  You  will  supply  those  three  things,  it  is 
often  thought,  at  the  lowest  rates  when  you  have  centralized  the 
plant ;  but  it  appears  from  this  piper  that  other  equally  impor- 
tant features  have  to  be  considered. 

When  some  of  these  buildings  were  installed  the  ventilating 
appliances  for  mechanical  circulation  of  air  were  operated  by 
steam  engines.  These  called  for  a  certain  steam  pressure  dif- 
ferent from  that  for  the  heating  service.  All  understand  well 
enough  without  discussion  the  great  disadvantages  of  handling 
two  steam  pressures  quite  as  much  as  in  handling  two  electric 
pressures. 

As  far  as  Professor  Bull  has  here  noted,  there  are  at  least 
twelve  little  steam-driven  auxiliary  engines  throughout  the 
plant  of  the  University  of  Wisconsin.  These  auxiliaries  have 
come  to  be  as  they  are  and  located  where  they  are  by  reason  of 
this  gradual  accumulation  of  engineering  installations  in  the 
different  buildings.  Part  of  this  is,  no  doubt,  owing  to  the  fact 
that  architects  specified  certain  particular  systems  of  mechanical 
heating  and  ventilation  for  the  buildings.  Now,  it  is  quite 
apparent  that  the  axiom  underlying  a  large  part  of  this  ques- 
tion of  auxiliary  steam  engines  is  that  their  non-expansive 
working  is  expensive  working.  Some  of  these  auxiliaries  are 
quite  likely  to  consume  from  150  to  350  pounds  of  steam  per 
horse  power  per  hour. 

Such  a  rate  of  steam  consumption  for  the  five  small  oscillat- 
ing steam  engines  for  the  mechanical  stokers,  the  two  low- 
pressure  feed  pumps,  the  one  duplex  pump,  the  one  duplex  air 
pump,  the  one  small  engine  for  the  coal  conveyor,  the  one 
engine  for  electric  lighting,  and  the  several  small  engines  for 
heating  and  for  ventilating  plants,  will  clearly  demonstrate  that 
where  we  have  attempted  to  save  money  in  a  university  by 
putting  in  a  central  steam-heating  plant  we  have  actually  intro- 
duced another  element  of  very  great  wastefulness  in  the  use  of 
steam  for  the  necessary  auxiliaries. 
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It  is  a  small  percentage,  perhaps,  but  figure  it  up  and  it  will 
be  seen  that  that  small  percentage — a  little  drop  in  the  bucket 
it  may  be — is  going  on  continuously  with  the  operation  of  the 
plant.  While  you  are  saving  money  at  one  end  of  the  line  you 
are  wasting  it  perhaps  almost  as  fast  at  the  other  end  of  the 
line.  In  other  words,  since  we  must  have  electricity,  it  would 
appear  best  to  generate  enough  electricity  to  run  all  of  these 
auxiliaries.  The  point  is  well  taken  :  if  we  are  going  to  have 
power,  have  it  in  abundance,  generate  it  in  large  units,  save 
money  by  its  judicious  application.  When  we  have  electricity 
for  lighting,  and  there  is  a  dynamo  running  continuously,  it 
would  be  good  engineering  to  put  in  a  somewhat  larger  dynamo 
unit  and  operate  all  of  these  auxiliaries  in  the  university  from 
the  central  generating  plant. 

Another  thing  here  brought  to  our  attention  is  the  question 
of  the  location  of  power  plants.  Engineers  are  blamed  for 
almost  everything  wdth  which  they  have  anything  to  do,  from  the 
least  unto  the  greatest.  But  there  are  certain  things  that 
engineers  cannot  control  in  State  universities,  when  they  find 
themselves  placed  in  charge  of  engineering  departments,  and 
that  is  the  location  of  their  department  buildings.  However 
aggressive  they  may  be,  however  pushing  and  energetic,  the 
location  of  department  buildings  in  almost  all  State  universi- 
ties is  so  controlled  by  the  policies  of  governing  boards  that  it 
is  impossible  to  bring  to  bear  any  engineering  argument  which 
will  appeal  unto  them.  An  illustration  is  given  here  of  the  use 
of  high-pressure  steam — the  very  word  high-pressure  being 
repellent ;  danger  lurks  within  that.  The  idea  of  locating  the 
boiler  house  of  a  power  plant  in  a  mechanical-engineering  de- 
partment on  top  of  a  hill  is  not  new.  There  are  other  institu- 
tions which  have  entertained  the  same  idea.  Of  course,  it  is  not 
necessary  to  go  into  details,  but  we  know  that  what  has  been 
done  in  one  institution  has  been  going  on  all  over  the  country. 
The  federal  endowments  by  which  these  engineering  depart- 
ments are  largely  maintained  are  developing  in  every  State  and 
Territory  similar  schools  of  engineering  and  the  mechanic  arts. 
In  course  of  time,  gathered  about  these  engineering  depart- 
ments, will  be  the  light,  heat,  and  power  plants  of  the  uni- 
versity. 

2fr.  Francis  H.  Boyer. — It  is  unfortunate  that  engineers  have  to 
come  in  contact  with  the  cashier  or  treasurer  of  large  corpora- 
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tioiis.  If  we  could  go  iilie;id  with  our  engineering  ideas  and 
devices  and  experiences  which  we  get  here  it  would  be  a  great 
thing.  You  take  these  large  corporations  where  the  question 
arises  of  centralizing  power  plants  or  even  engine  locations,  and 
where,  should  a  serious  accident  occur  which  would  stop  the  entire 
works,  the  economy  offered  by  centralizing  is  sure  to  be  offset 
by  the  risk  of  accident.  I  believe  the  most  remarkable  case  of 
installation  for  power  purposes,  for  heat  and  light  and  power, 
that  we  have  in  this  country  is  our  street  railroads.  Take,  for 
instance,  the  street  railroad  of  Boston,  with  which  I  am  some- 
what familiar.  They  have  an  installation  probably  of  about 
30,000  horse-power  divided  into  seven  units,  if  I  remember 
correctly.  They  are  all  run  in  multiple  together,  and  there 
come  times  in  stormy  weather,  when  we  have  intense  sleet,  that 
a  station  is  thrown  out,  and  instantly  the  work  of  that  station, 
which  may  be  1,200  or  1,500  horse-power,  is  thrown  on  the  re- 
maining stations.  I  have  stood  at  their  gauge  boards  and 
watched  those  processes  during  heavy  storms,  and  it  really  is  a 
terrific  sight.  Suppose  they  had  their  entire  w^ork  on  a  central 
power  station,  which  is  feasible  ;  under  these  severe  cases  they 
would  become  inoperative — their  business  w-ould  stop.  Take 
these  large  refrigerating  plants  which  w^e  have  over  the  country 
— Squires',  at  Boston,  Armour's  or  Swift's,  at  Chicago — and  sup- 
pose they  had  everything  there  confined  to  one  plant,  and  a  fire 
destroys  the  engine  department.  With  the  large  number  of  build- 
ings which  they  have,  they  must  have  plants  here  and  there 
which  in  case  of  an  accident  can  help  the  other.  There  is  where 
we  engineers  rub  against  the  treasurers,  and  against  the  chances 
which  they  take,  and  it  is  a  point  that  we  cannot  ignore. 

Mr.  Wm.  Kent. — I  am  inclined  to  favor  one  central  station  if 
the  distances  are  not  over  half  a  mile.  I  do  not  know  but  that  I 
w^ould  go  up  to  a  mile.  I  have  no  fear  of  carrying  steam  that 
far.  It  is  only  a  question  of  putting  enough  money  into 
covering  the  pipes  so  as  to  reduce  radiation.  One  plan  for 
reducing  the  radiation  where  there  are  variable  loads  is  to  have 
two  separate  steam  pipes,  one  smaller  and  one  larger ;  one,  say, 
6-inch  and  one  8-inch,  instead  of  a  10-inch  pipe.  In  summer 
time  use  the  6-inch,  in  fall  the  8-inch,  and  in  winter  use  both. 

I  would  suggest  another  plan  for  saving  the  heat  of  condensa- 
tion in  long  lines  of  steam  pipe  and  for  facilitating  the  operation 
of  a  central  power  plant :  have  a  tunnel  underground  leading 
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from  the  power  station  to  where  the  steam  is  to  be  utilized, 
large  enough  for  a  man  to  stand  up  light  in  it,  saj,  6  J  feet  high 
and  2J  feet  wide.  In  that  put  the  steam  pipe  or  steam  pipes, 
the  returns,  the  pneumatic  pipes,  electric  wires,  and  everything 
which  has  to  be  distributed.  Have  the  boiler  house  run  on  the 
induced  draught  system,  so  that  all  the  air  which  gets  into  the 
grate  bars  is  pulled  over  by  the  fan.  Now  open  this  tunnel  into  the 
boiler  house  so  that  there  is  a  continual  circulation  of  air  through 
the  tunnel  from  its  outer  end.  If  there  is  any  radiation  of  heat 
from  the  steam  pipes  warming  the  air  in  the  tunnel,  all  that 
heat,  except  what  is  radiated  through  the  brickwork  of  the 
tunnel,  will  be  swept  back  under  the  grate  bars  and  used  over 
again.  That  need  not  be  the  only  supply  of  air.  There  may  be 
some  additional  holes  in  the  wall  of  the  boiler  house  to  let  air 
into  the  boiler  house  :  but  have  a  small,  gentle  circulation  of  air 
carried  through  that  tunnel  from  the  extreme  end  to  the  boiler 
house  and  save  that  heat  thus  wasted,  and  put  it  under  the 
grate  bars  where  it  belongs. 

Mr.  W.  S.  Rogers. — I  have  always  been  a  "  central  station " 
fanatic  until  the  recent  winter's  storm  in  Boston.  Having  seen 
the  advantages  arising  from  one  station  helping  out  another  dur- 
ing breakdowns,  as  has  just  been  explained  by  Mr.  Boyer,  and 
realizing  that  I  would  have  been  snowbound  if  it  had  been 
a  central  station  plant,  I  have  become  completely  converted 
to  a  SYstem  of  divided  stations.  But  if  engineers  must  have 
central  stations  let  them  duplicate  the  first  one  and  have  a 
relav. 

I  do  not  advocate  the  use  of  a  central-power  station  in  a 
university  using  a  main  generator  and  electric  transmission  for 
driving  ventilating  fans  and  other  instruments  in  use  about  the 
building,  for  I  do  not  think  it  wise  to  dwell  too  much  on 
economy  in  the  running  of  our  universities. 

I  have  found  in  my  experience  that  every  time  we  ''  waste  " 
money  to  educate  a  man  we  have  saved  barrels  of  money  after- 
ward. There  is  no  waste  of  money  in  education,  and  were  I 
running  a  university  I  would  obtain  old  oscillating  and  rotary 
engines  and  keep  them  going  along  with  the  modern  types  that 
the  students  might  learn  how  not  to  do  it  as  well  as  how  to  do  it. 
And  when  they  go  into  the  old  plants  with  the  old  types  of 
machinery  they  will  realize  the  good  side  of  a  dollar  in  profits 
and  make  the   old  scrap  earn  enough  to  justify  the  purchase  of 
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modern  raacliiuery.  Then  they  luive  treasurers  and  sto(;k- 
hoklers  favoring  their  phms. 

Prof.  Forrest  R.  Joncf^. — I  agree  perfectly  with  the  last 
speaker  in  regard  to  teaching  students  what  not  to  do.  But  we 
try  generally  to  put  in  good  apparatus  to  do  the  work  wliich  is 
required  in  what  may  be  termed  a  commercial  manner.  Experi- 
mental apparatus  is  used  when  it  is  necessary  to  show  a  man 
what  is  wrong.  I  might  say  in  explanation  of  this  university 
plant  that,  outside  of  the  experimental  apparatus,  the  electrical 
plant  consists  of  two  small  generators,  one  an  arc  machine, 
mainly  for  lighting  the  shops,  and  the  other  a  very  small  direct- 
connected  110-volt  direct-current  machine  for  furnishing  current 
for  experimental  work  in  the  physics  laboratory  and  for  projec- 
tion lanterns  throughout  the  university  during  the  day.  The 
110-volt  generator  runs  all  day.  A  great  variety  of  other  elec- 
trical machinery  is  used  for  experimental  purposes.  The  ex- 
perimental machines  run  only  when  the  students  are  in  the 
laboratories.  As  to  having  a  central  plant,  the  regents  asked 
the  State  Legislature,  which  has  been  in  session  during  the  last 
two  or  three  months,  for  $35,000  to  put  in  a  central  electric 
plant  to  furnish  light  and  power  for  the  university  and  light 
for  the  State  capitol,  but  for  various  reasons  it  was  decided 
best  not  to  put  in  this  plant.  Just  what  those  reasons  are 
would  be  a  little  difficult  to  get  at,  perhaps,  but  it  is  a  State 
university ;  therefore  politics  and  the  interests  of  others  may 
enter  in  some  degree.  So  it  was  voted  not  to  have  the  plant, 
although  the  Legislature  was  very  generous  to  the  university 
otherwise,  giving  them  a  considerable  amount  of  money  for  an 
engineering  building  and  other  purposes. 

Mr.  William,  J.  Baldivin. — When  an  engineer  is  called  in  in  a 
matter  of  this  kind  (central  plants  versus  individual  plants),  he 
should  come  unprejudiced.  He  should  have  no  prejudice  in 
favor  of  any  particular  system  until  he  has  made  a  thorough 
study  of  the  problem  before  him. 

Take  a  university  or  navy  yard  (both  having  been  mentioned 
here).  We  must  view  the  whole  question,  and  view  it  for  both 
winter  and  summer,  before  we  can  arrive  at  a  proper  conclu- 
sion, as  what  may  give  the  greatest  economy  at  one  time  of  the 
year  may  be  very  wasteful  at  another.  What  is  required  to  be 
determined  is  the  greatest  economy  for  the  whole  year.  This 
is  the  first  consideration.     Take  a  navy  yard,  for  instance,  and 
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assume  that  you  have  a  central  steam  plant ;  the  (luostion  is,  Do 
you  want  the  central  electric  plant  also  ?  In  my  hasty  judg- 
ment, you  do  not,  though  this,  of  course,  is  open  for  deliberation. 

If  you  have  a  central  steam  plant,  you  can  carry  your  steam 
through  small  pipes  at  high  pressures,  and  get  steam  at  any 
point  of  distribution,  almost  without  regard  to  alignment. 

If  you  have  a  central  electric  plant  in  connection  with  the 
central  steam  plant,  you  will  have  to  make  all  the  exhaust 
steam  at  one  point,  in  which  case  you  will  be  obliged  to  use 
very  large  pipes  to  carry  exhaust  steam  to  the  points  of  distri- 
bution, i.e.,  the  points  where  you  want  to  warm  the  buildings, 
and  the  question  of  alignment  and  drainage  (water  separation) 
will  then  become  of  the  utmost  importance. 

In  all  central  electric-light  plants  of  New  York  and  other 
large  cities  the  exhaust  steam  is  thrown  away — absolutely  lost — 
and  representing  what  may  be  called  a  large  fortune,  and  for 
the  present,  in  cities,  it  appears  this  cannot  be  helped,  as  the 
right  of  way  for  large  low-pressure  steam  pipes  is  practically 
out  of  the  question. 

Take  a  group  of  university  buildings,  and  assume  they  have 
a  central  steam  plant  under  one  roof.  The  coal  can  be  hauled, 
stored,  and  cheaply  handled  ;  you  can  economize  iu  boiler-room 
force,  and  the  products  of  combustion  can  be  distributed  or 
held  together  at  some  point  where  they  will  least  affect  the 
buildinajs,  and  this  is  very  essential  where  soft  coal  is  used. 

From  this  central  plant  you  can  take  high-pressure  steam  to 
your  individual  buildings,  there  run  your  steam  engine,  and 
generate  your  electricity  for  lighting  or  power,  and  produce  the 
exhaust  steam  on  the  premises,  where,  of  course,  it  can  be  used 
at  once  for  heating  in  winter,  or  allowed  to  run  to  waste  in 
summer.  When  it  is  condensed  in  the  heating  apparatus,  of 
course  you  can  return  it  by  automatic  pumps  from  each  local 
position,  and  no  special  attention  need  be  paid  to  the  align- 
ment of  the  return  pipe  through  the  ground  to  the  central 
station. 

As  a  matter  of  fact,  the  amount  of  exhaust  steam  left  after 
the  elevator  service  and  the  lighting  a  building,  at  least  in  the 
big  buildings  of  New  York  and  other  places,  is  almost  always 
sufficient  to  warm  the  building. 

I  notice,  however,  that  there  are  men  here  in  favor  of  the 
central  electric  plant  for  navy  yards.     I  am  not  sure  that  there 
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will  be  oconomy  in  this,  taking  it  as  a  whole.  There  is  much 
machinery  to  be  driven  in  the  shops,  and  comparatively  little 
lighting  done,  except  in  the  short  days  of  winter.  Several  of 
the  speakers  evidently  are  considering  the  question  of  lighting 
alone,  and  are  not  considering  power  to  any  great  extent,  if  at 
all.  In  the  winter  time,  when  you  desire  to  run  engines  which 
will  make  exhaust  steam,  the  exhaust  steam  should  be  where 
you  want  to  use  it ;  and,  as  I  said  before,  there  is  no  difficulty  in 
taking  the  condensed  water  back  to  the  central  steam  station, 
whether  up  hill  or  down,  and  I  am  rather  of  the  opinion  that 
the  hill  after  all  is  the  place  to  put  the  steam  station ;  although 
this  has  not  been  the  custom.  We  generally  place  the  boilers 
in  the  valley  so  that  we  can  carry  the  steam  up  hill.  This,  I 
believe,  is  a  mistake,  for  more  reasons  than  one.  When  the 
boiler  is  in  the  valley,  the  course  of  the  live  steam  is  generally 
up  the  hill,  and  the  tendency  of  the  water  carried  into  or 
formed  in  the  pipes  is  to  move  in  the  contrary  direction  to  the 
flow  of  the  steam  ;  whereas,  if  the  boilers  were  on  the  hill, 
the  flow  of  steam  would  be  down  hill,  and  the  flow  of  water 
would  be  in  the  direction  of  the  flow  of  the  steam,  both  travel- 
ling in  harmony.  Moreover,  when  you  have  the  boilers  on 
a  hill  the  chimney  can  be  carried  above  all  the  surround- 
ing buildings,  so  that  the  smoke  and  gases  can  be  carried 
over  them,  whereas  with  the  usual  methods  the  chimney  is 
generally  just  high  enough  to  let  the  smoke  flow  across  the 
campus  and  into  the  windows  of  the  buildings  when  the  wind  is 
favorable. 

With  regard  to  carrying  the  condensation  from  the  buildings 
to  the  central  station,  it  makes  little  or  no  difference  where  the 
central  station  is.  The  power  to  send  the  water  back  must  be 
at  a  point  where  condensation  takes  place.  Usually  the  water 
must  gravitate  to  the  lowest  point  in  the  building,  and  must 
then  be  taken  out  by  pumps,  and  sent  up  the  hill,  if  there  is  a  hill. 

The  fact  of  distributing  the  steam  at  somewhat  various 
pressures  to  the  different  buildings  has  very  little  to  do  with 
the  result.  When  a  little  error  is  made  in  proportioning  pipes, 
it  does  not  make  much  difference,  with  a  high-pressure  central 
plant  of,  say,  125  pounds  pressure  of  steam  at  the  boilers,  and 
reducing  valves  at  the  buildings,  to  cut  it  down  to  5  or  10 
pounds  for  heating,  and  to  100  pounds  or  thereabouts  for 
engines. 
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Therefore,  it  looks  to  me  that  the  central  high-pressare  steam 
plant  with  comparatively  small  pipes  and  distributed  engine 
plants  will  secure  the  greatest  economy  in  a  navy  and  also  in  a 
university  group.  Of  course,  where  the  buildings  are  very 
close  together  this  may  be  modified. 

M7\  Paul  H.  Grimm. — I  think  this  question  of  establishing  a 
power  plant  at  the  Brooklyn  Navy  Yard  should  be  considered 
from  a  standpoint  different  from  that  of  the  central  power 
station,  or  a  central  electric  station  situated  on  high  ground  ; 
we  must  bear  in  mind  that  the  Brooklyn  Navy  Yard  is  located 
very  close  to  tide  level.  Hence  I  submit  that  a  tunnel,  such  as 
Mr.  Kent  speaks  of,  for  the  accommodation  of  steam  pipes  and 
electrical  conductors,  would  be  impracticable;  then,  again,. the 
distribution  of  power  in  a  navy  yard  should  be  considered  more 
from  the  standpoint  of  a  large  manufacturing  concern  with 
buildings  covering  a  large  area  rather  than  a  street  railway 
central  station. 

The  navy  yard  has  groups  of  buildings  scattered  over  consid- 
erable territory,  and  it  seems  to  me  that  if  power  units  suitable 
to  these  several  groups  were  established  convenient  to  these 
buildings  there  would  be  great  advantage  at  times  to  be  able  to 
run  the  machine  shop,  boiler  shop,  or  perhaps  some  other 
building,  at  night  in  an  emergency  without  interfering  with  any 
of  the  rest  of  the  plant.  It  may  be  said  that  there  is  greater 
economy  in  one  central  station  in  the  matter  of  labor-saving, 
and  this,  I  think,  is  the  only  point  that  could  be  claimed  in 
favor  of  the  central  station  plan  in  this  case,  but  in  many 
instances,  especially  in  large  manufacturing  concerns,  where  the 
question  of  operating  the  whole  or  any  part  of  the  plant  at  all 
times  is  of  prime  importance,  the  question  of  labor-saving  often 
makes  a  very  small  offset  against  the  other  advantages  of  the 
separate  unit  plants,  and  I  think  this  would  be  esp3cially  true 
in  the  case  of  the  navy  yard.  I  belieA^e  that  a  number  of  units 
established  reasonably  near  the  point  of  consumption  of  jDower 
would  be  preferable  in  this  case  to  one  central  station,  no 
matter  how  well  equipped,  nor  how  well  arranged  for  economy, 
especially  when  it  contemplates  carrying  the  steam  and  elec- 
tricity from  that  point  to  all  the  different  points  of  consump- 
tion in  tunnels. 

Professor  BiHlJ' — After  reading  the  discussion,  the   author  of 
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the  ])jiper  feels  especially  sorry  that  he  was  unable  to  l)e  present 
at  the  meeting  when  the  paper  was  discussed,  as  he  is  perfectly 
certain  that  various  misunderstandings  in  regard  to  the  paper, 
under  which  several  of  the  participants  in  the  discussion 
labored,  could  easily  have  been  explained,  whereby  a  number  of 
the  criticisms  would  have  been  shown  to  have  no  foundation  in 
fact.  As  it  is,  it  will  be  necessary  to  take  these  up  in  detail, 
and,  for  convenience'  sake,  they  will  be  considered  in  the  order 
in  which  they  appear  in  the  discussion. 

Mr.  Bryan's  statement  that  the  carrying  of  two  different 
pressures  in  the  same  boiler  plant  should  be  avoided  wherever 
possible,  I  fully  agree  with.  However,  at  this  central  heating 
plant  it  could  not  be  avoided  for  several  reasons,  the  principal 
one  being  that  several  of  the  boilers  on  hand  when  the  plant 
was  established  could  not  carry  as  high  a  pressure  as  100 
pounds,  which  was  the  lowest  pressure  that  could  be  used  for 
power  purposes  at  the  university.  If  these  boilers  could  have 
been  disposed  of  and  stronger  boilers  substituted,  no  doubt  a 
decided  economy  and  a  great  simplification  would  have  resulted, 
but  such  was  not  the  case,  and  the  necessity  of  carrying  two 
different  pressures  is  one  of  the  several  shortcomings  which 
prevented  the  plant  in  question  from  being  a  model  one,  as 
repeatedly  stated  in  the  paper.  The  above  explanation  also 
answers  Mr.  Bryan's  suggestion  of  the  use  of  one  reducing 
valve  at  the  boiler  house. 

The  pressures  carried  on  the  heating  mains  in  the  various 
buildings  vary  from  day  to  day,  depending  on  the  caprice  of  the 
janitors  who  take  care  of  the  buildings.  The  steam  pressure 
will  therefore  not  be  the  lowest  in  the  same  building  at  all 
times,  which  fact  makes  it  necessary  to  provide  the  returns 
from  all  the  buildings  with  traps,  and  not,  as  suggested  by  Mr. 
Bryan,  all  but  the  one  which  is  most  difficult  to  heat.  I  sup- 
pose that  Mr.  Bryan  means  that  the  pressure  carried  should  be 
high  enough  to  suit  the  building  most  difficult  to  heat,  and  not 
loiv  enough,  as  stated  in  his  discussion.  It  might  also  be 
pointed  out  at  this  place  that  four  of  the  buildings  heated  are 
below  the  level  of  the  boiler  house,  so  that  the  return  water 
must  be  pumped  back  and  could  not  return  by  gravity,  as  sug- 
gested by  Mr.  Bryan  in  the  same  paragraph. 

Mr.  Bryan  does  not  seem  to  understand  my  statement  in 
regard  to  the  non-working  of   the  automatic  pumps  as   traps. 
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These  pumps  with  receivers  are  only  used  in  the  four  buihlings 
which  are  lower  than  the  boiler  house.  Suppose  the  pressure 
carried  in  the  building  be  10  pounds,  then,  if  there  be  no  traps, 
there  will  be  the  same  pressure  in  the  receiver,  and  if  the 
resistance  to  the  flow  of  the  water  back  to  the  boiler  house, 
including  the  resistance  due  to  the  difference  of  level,  be 
smaller  tlian  the  10  pounds  carried,  the  water  will  pass  through 
the  pump,  without  its  working,  and  there  will  be  a  pressure  of 
approximately  10  pounds  in  the  receiver  at  the  boiler  house, 
which  will  prevent  the  return  water  from  coming  back  from  all 
of  those  buildings  in  which  the  steam  pressure  is  lower  than 
10  pounds  or  thereabouts,  because  the  traps  in  these  buildings 
will  not  work.  As  it  is  arranged  now  in  the  boiler  house,  there 
is  no  pressure  in  the  receiver,  so  that  the  traps  will  always 
work  whatever  be  the  pressure  carried  in  the  various  buildings. 
The  use  of  a  vacuum  system  throughout  the  whole  plant  would 
be  a  very  good  thing,  but  it  Avould  not  do  away  with  the  traps, 
as  it  has  been  found  necessary  to  use  steam  of  higher  pressure 
in  the  coils  connected  with  the  fans  than  is  used  in  the  direct 
radiation  or  which  would  be  used  in  case  a  vacuum  system  was 
introduced. 

I  did  not  intend  to  raise  the  question  of  the  advisability  of 
the  establishment  of  the  central  plant  in  my  paper,  but  quite 
a  large  part  of  the  discussion  was  directed  at  this  question, 
and  I  therefore  also  take  the  liberty  of  contributing  my  share 
to  this  discussion. 

Mr.  Bolton  seems  to  think  that  it  was  a  very  doubtful 
question  whether  there  was  any  advantage  in  the  establishment 
of  the  central  heating  plant,  as  the  circumstances  were  at  the 
University  of  Wisconsin.  But  it  seems  to  me  that  the  reasons 
why  he  doubts  the  wisdom  of  the  move  are  entirely  false. 
First  of  all,  the  establishment  of  the  central  plant  was  not 
owing  to  the  fact  that  a  good  deal  of  money  had  been  spent  on 
the  boiler  house,  and  that  therefore  more  must  be  spent  to  im- 
prove it.  If  Mr.  Bolton  will  read  what  is  said  on  the  first  two 
pages  of  my  paper,  he  will  see  that  it  was  only  the  location  of  the 
central  plant  Avhicli  was  determined  by  the  circumstances 
mentioned  above.  In  the  second  place,  Mr.  Bolton's  statement 
that  we  were  jumping  out  of  the  frying  pan  into  the  fire  by  try- 
ing to  use  soft  coal  in  place  of  hard  coal  proves  to  me  that  he 
does  not  appreciate  the  circumstances  under  which  we  in  the 
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West  have  to  labor.  The  price  of  hard  coal  to  the  uwiversity 
has  in  late  years  varied  between  $5.50  and  $6.50,  whereas  the 
coal  which  we  have  been  using  in  the  central  plant  has  cost  us 
from  $2.30  to  $3.25.  This  coal  has  given  good  satisfaction  and 
has  cost  on  the  average  less  than  one-half  of  what  the  hard  coal 
would  have  cost.  It  ought  to  be  unnecessary  to  state  that, 
notwithstanding  the  adoption  of  "  expensive  devices  to  do  away 
with  the  smoke  nuisance,"  as  stated  by  Mr.  Bolton,  the  soft 
coal  is  very  much  cheaper  to  use  than  hard  coal — here  at 
Madison.  Some  of  the  reasons  for  the  establishment  of  the 
central  plant  have  been  given  by  my  colleague.  Professor 
Jones,  but  I  will  state  that  the  three  principal  ones  were 
economy  in  heating  the  buildings,  reduction  in  danger  of  fire, 
and  increase  of  cleanliness,  all  of  which  expectations  have  been 
amply  justified  bv  the  results  obtained. 

That  there  are  faults  in  the  layout  of  the  plant  I  do  not 
doubt  for  a  minute,  but  Mr.  Bolton  must  have  entirely  over- 
looked what  I  have  stated  in  the  paper,  that  the  plant  is  not  a 
model  one,  for  he  says  :  "  At  the  same  time  it  should  not  go  on 
record  as  being  an  ideal  arrangement."  It  may  be  that  the 
carrying  of  two  pressures  was  "  absurd "  in  the  mind  of  Mr. 
Bolton,  but  it  was  a  necessity,  as  explained  before  ;  consequently 
an  absurd  necessity. 

It  was  explained  in  the  paper  that  there  were  two  mains  leading 
to  each  building  heated,  one  large  one  for  use  during  the  cold 
weather,  and  the  other  for  the  milder  weather  during  spring 
and  fall.  Steam  of  both  pressures  is  not  carried  to  these 
buildings,  with  the  exception  of  the  machine  shop  and  the 
basement  of  Science  Hall,  where  steam  has  to  be  used  for 
power  purposes,  and  in  which  buildings  the  heating  is  done  by 
the  steam  of  the  lower  pressures.  The  higher-pressure  steam  is 
alone  taken  to  the  pump  house,  where  the  necessary  heating  is 
done  by  this  steam,  the  pumps  being  driven  by  condensing  en- 
gines. Mr.  Bolton  has  also  concluded  —  but  without  good 
reason — that  the  exhaust  is  being  thrown  away.  All  the  ex- 
haust from  the  various  engines  driving  the  fans,  pumps  in  the 
various  buildings,  as  well  as  from  the  engines  in  the  machine 
shop,  is  being  used  for  heating  during  the  daytime,  but,  as 
these  engines  and  fans  do  not  run  during  the  night,  live  steam 
from  the  boilers  must  be  used  for  more  than  half  the  time.  The 
exhaust  from  the  engines  in  the  experimental  steam  laboratory 
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for  obvious  reasons  cannot  be  used  for  heating,  so  that  there  is 
nothing  wasted,  and  Mr.  Bolton's  advice  of  how  to  utilize  the 
exhaust  steam  is  entirely  superfluous.  Mr.  Bolton's  expressed 
opinion,  that  it  would  be  entirely  practical  to  carry  low-pres- 
sure steam  in  the  tunnels,  has  not  l)een  contradicted  by  me  in 
my  paper.  I  only  stated  that  it  would  be  better  to  carry  high- 
pressure  steam  and  reduce  the  pressure  at  the  buildings,  and 
my  statement  that  it  would  not  pay  to  carry  low-pressure 
steam  is  not  a  *'  false  conclusion."  On  the  contrary,  Mr.  Bolton 
himself  admits  its  correctness  by  saying  that  the  best  way 
would  be  to  carry  high-pressure  steam  to  the  buildings.  I  sus- 
pect that  Mr.  Bolton  has  misunderstood  me  in  thinking  that  I 
meant  to  state  that,  if  high-pressure  steam  could  not  be  used  in 
the  tunnels,  it  would  be  better  not  to  have  a  central  heating 
j)lant  at  all — which,  as  explained  above,  I  have  not  stated. 

Mr.  Bolton  also  states  that  "  the  w^hole  of  this  part  of  the 
plant  (referring  to  the  returns)  might  be  very  greatly  improved. 
The  modern  practice  nowadays  is  all  in  the  direction  of  each 
heating  unit  being  separately  trapped,  and  that  is  what  should 
be  done  in  this  case."  If  the  reader  will  refer  to  the  tenth  page 
of  the  paper,  he  will  see  that  it  is  expressly  stated  tliat  all  ''  the 
return  water  is  being  discharged  through  traps  into  the  returns," 
and,  further,  "  that  the  heating  apparatus  of  each  building  is 
entirely  independent  of  that  of  every  other  building."  a  suf- 
ficient answer  to  the  criticism  quoted  above,  the  making  of 
which  can  only  be  explained  by  a  very  careless  reading  of  the 
paper. 

The  criticism  of  Mr.  Bolton  in  regard  to  the  location  of  the 
feed-water  heater  is  rather  to  the  point.  However,  because  of 
special  reasons,  which  it  would  take  too  long  time  to  enumerate, 
it  w^as  found  impracticable  to  place  the  heater  betw^een  the  feed 
pump  and  the  boiler,  and  I  wall  only  state  that  the  feed -water 
heater  is  of  small  importance  in  this  plant,  as  the  amount  of 
exhaust  steam  available  in  the  boiler  house  is  very  small  com- 
pared with  the  amount  of  feed  water  to  be  heated,  and  it  would 
not  nearly  heat  the  water  up  to  170  degrees,  which  is  consid- 
ered so  disappointing  to  Mr.  Bolton,  even  if  the  heater  had 
been  placed  in  the  proper  position  relatively  to  the  pump.  In 
the  paper  it  was  explained  how  this  temperature  of  170  degrees 
was  reached. 

I  am  very   certain   that  there  is  no  statement  in  my  paper 
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wliicli  justly  could  lead  Mr.  Bolton  to  believe  tliat  I  used 
"  high-pressure  "  steam  for  the  tempering  coils.  On  the  con- 
trary, on  the  eighth  page,  I  state  that  it  is  desirable  to  use  a 
"  higher  pressure  "  for  these  coils  than  for  the  direct  radiation. 
Asa  matter  of  fact,  it  may  be  stated  that  the  pressure  is  hardly 
ever  higher  than  10  pounds  for  these  coils. 

As  to  the  advisability  of  using  coal-handling  machinery, 
there  may,  of  course,  be  a  variety  of  opinions.  However,  my 
experience  with  this  plant  during  these  five  years  has  fully 
convinced  me  that  the  machinery  is  a  very  well-paying  invest- 
ment, taking  everything  in  consideration.  It  might  also  be 
pointed  out  that  a  very  important  point  in  this  particular 
instance  is  the  cleanliness  resulting  from  the  use  of  coal-hand- 
ling machinery  in  connection  Avith  the  mechanical  stokers. 

Mr.  Bolton  has  probably  forgotten  that  the  primary  reason 
for  using  the  stokers  in  this  instance  was  the  prevention  of 
smoke  when  using  bituminous  coal  ;  otherwise  he  would  not 
have  stated  that  "they  (the  stokers)  are  simply  a  means  of 
making  the  human  stokers  idle."  I  desire,  however,  also  to  go 
on  record  as  being  of  the  opinion  that  these  mechanical  stokers 
are  a  good  investment  in  other  respects  besides  the  prevention 
of  smoke.  They  are  clean,  allow  the  use  of  an  inferior  grade 
of  coal,  and  reduce  the  number  of  the  required  "  human 
stokers."  Against  these  advantages  there  are,  of  course,  disad- 
vantages, which,  however,  in  my  opinion,  do  not  balance  the  first. 

The  criticism  in  regard  to  the  supporting  of  the  pipes  in  the 
tunnels  I  appreciate,  and  I  am  aware  that  the  suspension  of  the 
pipes  by  means  of  chains  is  not  an  ideal  one.  On  the  other 
hand,  the  method  advocated  by  Mr.  Bolton  seems  to  me  entirely 
impractical  in  a  tunnel ;  whereas  the  other  and  better  methods 
which  have  been  used  at  other  places  are  so  costly  that  I  could 
not  use  them  in  the  plant  described.  We  have  found  it  possible 
to  align  the  pipes  in  the  tunnels  very  satisfactorily  by  means  of 
the  chains,  a  proof  of  which  is  the  proper  working  of  the 
numerous  expansion  joints. 

Mr.  Bolton  finds  an  argument  against  the  adoption  of  a  cen- 
tral plant  in  a  statement  in  my  paper  to  the  effect  that  the 
efficiency  of  the  plant  varies  a  great  deal  on  account  of  the 
variation  in  the  consumption  of  steam  from  time  to  time.  That 
this  is  true  does  not  need  any  proof,  but  I  must  insist  that  the 
conclusion   which    Mr.    Bolton    draws   from    the    statement   is 
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entirely  erroneous.  If  there  were  no  centriil  plant,  then  in 
mikl  weather,  for  instance,  it  would  be  neeessar}-  to  run  one 
boiler  in  each  buikling,  but  very  much  below  the  rated  capacity 
of  each,  and  therefore  Aery  uneconomically,  wheieas  in  the  case 
of  the  central  plant  less  than  half  of  this  number  of  boilers 
would  have  to  be  run,  and  more  nearly  at  their  rated  capacity. 
As  to  the  variation  of  the  consumption  of  steam  during  the 
various  hours  of  the  day  it  is  only  necessary  to  state  that, 
although  the  total  variation  would  be  greater  in  the  case  of  tlio 
central  j^lant  than  for  each  of  the  separate  boilers,  yet  it  would 
be  smaller  for  each  boiler  in  the  central  plant  than  for  each  of 
the  separate  ones,  and  consequently  the  boilers  in  the  central 
plant  will  be  run  at  a  more  economical  rate  than  the  boilers 
in  the  separate  buildings.  It  seems  to  me  that  one  of  the 
strongest  reasons  for  the  establishment  of  a  central  plant  is 
the  fact  that  the  boiler  capacity  can  be  more  nearly  adapted  to 
the  consumption  of  steam  than  when  the  boilers  are  located  in 
the  separate  buildings. 

Coming  to  Mr.  Kent's  criticism  of  the  results  of  the  testing  of 
the  coals  used  for  moisture,  I  must  admit  that  he  has  good 
reason  to  be  sceptical.  The  method  used  was  the  old-fashioned 
one  of  placing  the  coal  on  the  boiler,  or  rather  on  the  breech- 
ing. The  statement  in  the  paper  that  the  drying  was  done  in 
twenty-four  hours  is  a  slij) — the  coal  was  left  so  long  on  the 
breeching  as  the  Aveight  was  decreasing.  I  fully  realize  that  the 
percentages  of  moisture  in  the  three  kinds  of  coal  tested  and 
given  in  the  paper  are  not  absolute  — only  relative. 

Professor  Aldrich's  general  criticisms  of  the  wastefulness  of 
tlie  many  small  engines  and  pumps  scattered  about  in  the 
various   buildinG^.s  I   as^ree  with  to  a  certain  extent.     But  if  he 

remembers    that   all  of  the    steam    used   b^'   these    enf^ines   is 
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utilized  for  heatinji  afterwards,  I  think  he  will  asfree  with  me  in 
placing  the  ultimate  loss  due  to  the  wastefulness  of  the  engines 
as  very  small.  I  suspect  that  Professor  Aldrich  s  experience 
with  respect  to  '*  the  changing  politics  and  policies "  of  the 
administration  has  been  a  great  deal  worse  than  mine — other- 
wise lie  would  not  haA'e  brought  this  side  out  so  prominently. 
I  can  state  with  utmost  frankness  that  politics  has  never  had 
anythincf  to  do  Avith  the  administration  of  the  UniversitA'  of 
Wisconsin,  and  the  changing  of  policy  is  nothing  else  than  one 
can  expect  in  any  corporation. 
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DCCCXXIIL* 

ROLLING-MILL  FL  Y WHEELS. 

r.V    .JOHN    FlUTZ,    r.KTIILLIIKM,    PA. 

(Member  of  the  Society  and  Past  President.) 

In  the  early  clays  of  rolliDg  mills  the  machinery  was  of  the 
crudest  character.  The  men  who  built  and  looked  after  it  were 
called  millwrights,  or  forge  carpenters ;  (consequently,  wood  was 
used  in  its  construction  to  as  great  an  extent  as  was  possible. 
All  of  the  earlier  flywheels,  as  you  will  see  by  the  tracing,  had 
wooden  arms,  at  least  so  far  as  I  know,  and  Fig.  319  shows  the 
general  way  of  fitting  them  in.  They  were  made  of  hardwood, 
locust  or  white  oak  preferred,  and  about  6  to  8  inches  in  thick- 
ness, width  as  per  tracing. 

Figs.  316,  317,  and  319  give  the  plan  of  securing  the  rims  of  the 
wheels  together.  The  segments  are  in  halves,  and  secured  to- 
gether with  gibs  and  keys,  same  as  shown  in  Fig.  319.  Hav- 
ing no  machine  tools  when  these  wheels  were  built,  they  were  put 
together  ])ractically  as  the  castings  came  from  the  foundry,  with 
the  lumps  and  swells  chipped  off  with  a  two-handed  chisel  and 
sledge,  which  naturally  caused  a  weak  wheel.  They  were  made 
of  cold-blast  charcoal  iron,  which  was  greatly  in  their  favor,  and 
DO  doubt  this  fact  prevented  many  accidents. 

In  the  course  of  time  the  millwright  and  carpenter  were  dis- 
placed by  the  machinist,  and  with  the  introduction  of  machine 
tools,  especially  the  planer,  the  wheels  were  better  fitted  up,  but 
not  much  safer,  in  consequence  of  the  use  of  iron  made  from 
mineral  coal,  in  place  of  charcoal. 

The  machinist  now  became  the  mechanical  engineer,  and,  wood 
not  being  his  forte,  he  made  the  flywheel  all  of  cast  iron,  as  shown 
in  Fig.  31S.  The  centre,  arms,  and  segments  were  cast  separately, 
and  had  the  ends  of  the  segments  been  well  fitted  together  the 
wheel  would  have  given  no  trouble.  The  slots  for  the  tees  were, 
unfortunately,  too  close  to  the  end  of  the  segment ;  the  result  was 

*  P resented  at  the  Washing-ton  meeting- (May,  1899)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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that  they  pulled  the  eud  of  the  casting  off,  and  we  had  to  chip 
grooves  across  the  face  of  the  wheel,  and  pat  heavy  links  around 
them,  as  shown  on  tracing,  Fig.  318,  which  made  a  good  wheel  out 
of  it.  This  was  done  in  1854,  and  I  think  the  wheel  is  yet  in  use, 
but  never  ran  at  high  speed. 

Not  considering  these  wheels  safe,  I  was  in  constant  fear  of 
their  going  to  pieces,  wliich  is  generally  attended  with  the  most 
disastrous  results.  I  abandoned  entirely  the  old  mode  of  making 
wheels,  and  adopted  plan  No.  5 — casting  the  centre  and  arms 
together,  and  the  rim  in  one  piece,  with  lugs  on  the  inside  of  the 
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rim,  as  shown  on  tracing,  Fig.  320.  On  the  ends  of  the  arms  were 
pads  to  correspond  with  the  lugs  on  the  rim.  When  the  arms 
were  put  in  the  rim  there  was  a  space  of  about  one-quarter  of  an 
inch,  in  which  oakum  was  driven  tightly,  wliich  kept  the  arms  in 
place.  This  made  an  excellent  wheel,  and  in  some  cases  wood 
was  used  to  fill  the  space  in,  which  thin  steel  keys  were  driven. 
There  are  several  of  these  wheels  that  have  been  in  use  over 
thirty-five  years,  and,  so  far  as  I  know,  never  have  given  any 
trouble.  The  wheels  were  20  feet  in  diameter,  with  rims  about 
12  inches  square. 

With  the  introduction  of  steel  for  rails  and  structural  material, 
it  became  necessary  to  increase  the  diameter  of  rolls.  This 
change    necessitated    heavier   wheels,    and   larger   in    diameter, 
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which  made  it  impracticable  to  use  solid-rimmed  wheels ;  conse- 
quently, some  plan  that  was  portable  had  to  be  adopted.  After 
much  thought  the  j^lan  represented  by  Fig.  321  was  concluded  the 
best  and  safest,  and  there  are  now  a  number  of  wheels  of  this 
type  in  use,  varying  in  diameter  from  20  to  30  feet.  I  do  not 
know  that  any  one  of  them  ever  has  given  a  particle  of  trouble  in 
any  way,  and  there  are  a  number  of  wheels,  as  per  Fig.  321,  that 
Jiave  been  in  use  for  twenty-five  years,  some  which  have  encoun- 
tered, and  are  daily  liable  to  encounter,  the  most  severe  strains 
that  it  is  possible  for  a  flywheel  to  be  subjected  to,  and  are  to-day 
apparently  as  safe  as  the  day  they  were  started. 

It  has  been  said  that  flywheels  go  to  pieces  in   consequence 
of   the   irregular  work,   and    engines  driving  dynamos  for  power 


Fig.  018. 


purposes  have  been  included  in  this  class ;  but  the  strain  on  a  fly- 
wheel driving  a  dynamo  cannot  be  compared  with  that  of  a  rolling 
mill.  In  the  former  the  work  occasionally  varies  from  nil  to  full 
power,  while  that  of  an  engine  driving  a  rail  mill  changes  from 
nil  to  practically  full  power  while  rolling  a  single  rail  twelve 
times,  which  requires  about  one  minute. 

Let  us  for  a  moment  think  of  a  flywheel  26  feet  in  diameter, 
16-inch  rim,  making  from  70  to  80  revolutions  per  minute,  rolling 
a  steel  bloom  into  a  rail.  When  about  one-half  done — say,  about 
16  feet  in  length — instead  of  the  piece  going  straight  out  through 
the  rolls  on  the  guides,  as  intended,  it  sometimes  wedges  in  the 
groove,  and  in  less  than  a  second  of  time  it  has  completely 
encircled  the  roll,  and  forms  what  iu  rolling-mill  phrase  is  called 
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a  collar,  and  couliiiues  to  uiiul  around  the  roll  until  sonietliing 
must  happen,  either  the  breaking  of  a  roll,  a  spindle,  or  coupling, 
or  the  engine  must  be  brought  to  a  standstill  in  an  almost  incred- 
ible short  space  of  time.  The  torsion  on  the  spindles  and 
couplings  is  so  great  that  it  causes  the  wheel  to  rebound.  To 
Qljlculate  the  strain  the  wheel  is  subjected  to  under  these  con- 
ditrons  will  require  some  one  better  posted  in  mathematics  than 
I  am. 

The  fact  that  the  introduction  of  steel  in  various  forms  required 
larger  rolls,  heavier  wheels,  and  larger  in  diameter,  which  made 
it  impracticable  to  use  a  solid-rimmed  wheel,  led  to  the  adop- 
tion of  plan  of  wheel,  Fig.  321;  the  tracing  makes  it  so  plain 
that  it  wants  but  little  explanation.  The  segment  is  cast  hollow, 
and  also  the  arms,  which  are  made  at  the  ends  to  compare 
in  thickness  to  the  segment,  so  as  to  relieve  them  of  strains 
which  might  occur  if  the  segments  were  cast  solid.  The  holes 
in  the  segnients  are  small  at  the  ends,  so  as  to  make  up  for  the 
metal  taken  out  for  the  tees.  The  links,  or  tees,  are  diiferent 
lengths,  so  that  the  strain  on  the  segments  will  not  come  all  at 
one  place,  and  by  using  oil-tempered  steel  in  the  links,  or  double 
tees,  the  rim  will  be  practically  as  strong  at  the  joints  as  it  is 
elsewhere. 

In  fitting  up  the  wheel,  the  centre  is  bored  out,  and  the  ends  of 
the  hub  are  faced  oif.  It  then  is  taken  to  the  planer,  and  a  centre- 
guide  plate  for  the  hub  is  made,  and  bolted  to  the  planer  table. 
Then  a  boring  bar  is  arranged  to  bore  out  the  hole  and  face  it  off 
to  a  given  distance  from  the  centre  for  the  shoulder  of  the  arm  to 
rest  on.  There  are  small  chipping  pieces  on  both  inner  sides  of 
the  receptacle  for  the  arm.  They  are  j)laned  off  at  the  same 
setting,  to  the  proper  and  uniform  width,  and  true  to  the  centre. 
This  finishes  the  centre. 

Next  the  arm  goes  on  the  planer  and  is  set  true  to  the  average 
centre,  and  with  a  socket  on  the  end  of  the  boring  bar  with  inside 
cutters  the  end  of  the  arm  is  turned  off,  and  the  shoulder  is 
faced  off  to  the  proper  length  for  the  arm  to  rest  on  ;  so  at 
this  setting  the  chipping  piece  on  the  upper  side  of  arm,  as  it 
lies  on  the  planer,  corresponding  with  the  same  in  the  centre,  is 
planed  off,  and  the  average  centre  of  the  segment  is  also  care- 
fully taken  and  correctly  worked. 

After  the  arms  are  thus  far  finished,  they  are  placed  on  the 
planer  again,  the  other  side  up,  and  a  socket  is  made  to  fit  over  the 
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end  of  the  arm  which  goes  into  tlio  socket  and  against  the  shoulder. 
On  the  o})|)osite  end  of  the  socket  is  a  liole  bored,  say,  1^  inches 
or  2  inches  in  diameter.  The  lengtli  of  arm  must  be,  from  the 
centre  of  the  hole  to  the  bottom  of  socket  which  arm  rests  on, 
the  same  as  the  distance  from  the  face  upon  which  the  arm  rests 
to  the  centre  of  the  hole  in  shaft. 

Next  secure  a  pin  on  the  planer  bed  to  correspond  iu  size  with 
the  hole  in  the  end  of  socket  piece.  Then  put  the  socket  on  the 
end  of  the  arm  and  on  the  pin  ;  then  bolt  the  arm  down  true  on 
the  side  that  is  planed,  and  finish  to  the  proj^er  size.  When  this 
is  done,  find  the  exact  length  of  the  segment  and  set  it  in  line 
with  the  centre,  and  you  have  the  exact  angle,  and  wlien  all  is 
done  correctly  the  wdieel  will  fit  together  without  a  chisel  or  a 
file  being  used  on  it,  and  will  rur.  true,  without  turning,  minus  the 
irregularities  in  the  castings. 

You  will  notice  there  are  no  abrupt  changes  in  the  thickness 
of  the  castings,  thus  avoiding  as  much  as  possible  the  liability  of 
the  strains.  The  joints  in  the  segments  are  generally  the  weak 
part  of  the  wheel.  In  this  respect  a  wheel  made  from  this  draw- 
ing will  be  stronger  than  the  original,  as  the  tees  in  the  segments 
in  the  wheel  now  in  use  were  made  of  wrought  iron,  and  will  prob- 
ably not  stand  over  50,000  pounds  tensile  per  square  inch,  while  iu 
this  wheel,  if  I  was  to  build  another,  I  would  use  steel  that  would 
stand  at  least  85,000  pounds  tensile.  This  would  make  the  joints 
practically  as  strong  as  the  segments. 

It  will  be  noticed  on  tracing  there  is  a  space  in  the  centre  of 
about  i  inch  in  front  and  rear  side  of  each  arm.  This  is  filled  with 
oakum  and  driven  hard,  after  the  wheel  is  finished  and  in  place, 
to  keep  the  arm  from  yielding  in  the  direction  of  the  strain,  and 
at  the  same  time  greatly  lessens  the  work  of  fitting  up  the  wheel. 
The  If -inch  round  holes  shown  on  tracing,  through  the  centre  and 
arm,  are  reamed  out,  and  steel  pins  made  and  turned  so  that  they 
will  drive  in  snugly. 

The  bolt  shown  in  segment  in  Fig.  318  does  not  belong  to  this 
wheel,  but  was  simply  put  in  there  to  show  the  plan  that,  in  many 
cases,  was  adopted  to  make  the  wheels  more  secure,  and  is  used 
to  some  extent  at  this  time. 
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Prof.  C.  V.  Kerr. — I  owe  Mr.  Fritz  a  debt  of  gratitude  for  bring- 
ing out  one  point  in  Lis  paper,  and  that  is  in  connection  with  Fig. 
o20.  As  a  part  of  my  reguLar  work  in  steam-engine  design,  I 
paid  some  attention  to  the  question  of  the  stresses  in  flywheel 
rims  and  arms,  and  I  have  been  for  some  time  harboring  a  pro- 
position in  regard  to  the  construction  of  flywheels  Avhicli  was  a 
little  startling  to  me  at  first,  and  I  hesitated  to  say  anything 
about  it ;  but  Mr.  Fritz  having  made  the  statement  that  he  does 
in  regard  to  construction  in  connection  with  i'ig.  320,  I  see  that 
my  idea  is  correct.  When  such  a  flywheel  as  this  is  running  at 
any  given  velocity,  the  centrifugal  force  of  the  rim  puts  a  uniform 
radial  load  on  the  rim.  Now  if,  as  is  usually  the  case,  the  rim 
is  made  in  one  piece  or  bolted  rigidly  together,  and  the  arms 
are  fixed  solidly  in  the  hub  and  rigidly  at  the  rim,  it  constitutes 
of  that  flywheel  rim  essentially  a  continuous  girder  in  which  the 
points  of  support  are  at  the  ends  of  the  arms.  The  effect  of  this 
centrifugal  force  acting  radially  is  to  bend  that  rim  outward,  so 
that,  starting  at  the  end  of  the  arm,  you  have  a  reversed  curve. 
That  fact  puts  a  bending  moment  in  the  rim  at  the  end  of 
the  arm,  such  as  if  this  were  carried  to  the  point  of  rupture  it 
would  begin  to  break,  and  it  also  j)uts  another  maximum  moment 
at  the  middle  of  the  segment  tending  to  break  it  on  the  outside 
first.  Now,  the  moment  at  this  point,  the  end  of  the  arm,  is 
approximately  double  what  it  is  at  the  middle  of  the  segment. 
Consequently,  the  greater  strain,  if  it  is  a  solid  rim,  is  at  this 
point.  If,  however,  as  Professor  Benjamin's  experiments  very 
plainly  showed,  the  joint  in  the  middle  of  the  rim  tends  to  open 
out,  it  would  take  this  Y  shape.  That  relieves  for  the  moment 
the  stress  at  the  middle  of  the  rim  and  puts  it  at  the  end  of  the 
arm,  so  that  it  increases  the  stress  at  that  point.  So  far  as 
the  arm  is  concerned,  you  see  it  is  the  function  of  the  arm  to 
put  this  bending  stress  into  the  rim.  Consequently,  we  have  to 
go  for  safety  to  one  of  two  extremes.  If,  as  stated  in  the  dis- 
cussion of  Professor  Benjamin's  paper,  the  arm  strengthens  the 
rim,  then  the  more  the  better ;  and  that  is  true  in  a  sense,  be- 
cause the  moments  at  the  outside  and  the  inside  of  the  rim 
depend  on  a  square  of  the  length  of  segment.  Consequently, 
the  more  arms  you  put  in,  the  smaller  will  be  these  moments, 
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and  tliiit  oxti'eme  will  ]iy,u\  to  }>uttiii^  in  Jiriiis  enough  to  make  a 
solid  tlislv — which  of  course  we  do  not  waut  on  account  of  the 
weight.  On  the  other  hand,  if  we  i)ut  in  arms  not  fixed  at  the 
rim,  then  we  relieve  this  bending  tension  entirely,  and  it  becomes 
simply  a  question  of  hoop  tension.  Now,  that  is  the  conclusion 
to  which  I  came  in  considering  the  stresses  in  the  flywheel  rim. 
Fig.  320  of  Mr.  Fritz's  paper  shows  exactly  that  condition.  It 
is  true  that  a  little  oakum  was  driven  in  between  the  arm  and 
the  rim  lug  in  order  to  keep  the  arm  in  place  ;  but  we  cannot 
for  a  moment  conclude  that  it  prevented  this  rim  from  expand- 
ing as  it  wanted  to  do.  In  view  of  the  fact  that  we  must  have 
arms  in  order  to  drive  the  rim,  then  it  seems  to  me  that  the  best 
construction  would  be  to  leave  the  bolts  loose  at  the  rim.  That 
is,  if  you  turn  to  Fig.  318  in  Mr.  Fritz's  paper,  then  the  bend- 
ing stress  in  the  rim  would  be  entirely  relieved,  simply  by  back- 
ing off  the  nuts  on  those  bolts  which  hold  the  arm  to  the  rim. 
It  will  occur  to  you,  probably,  as  it  did  to  me.  What  is  to 
be  the  effect  on  the  running  of  that  wheel  ?  Won't  it  get  to 
wabbling,  esj^ecially  under  belt  pull  and  under  the  effect  of 
gravity  ?  If  you  take  a  24-foot  wheel,  which  probably  is  about 
the  size  of  your  rolling-mill  wheels,  and  if  that  runs  at,  say, 
72  revolutions  a  minute,  that  will  give  it  a  rim  velocity  of 
between  90  and  100  feet  per  second.  That  would  give  a  cen- 
trifugal tension  of  probably  800  pounds  only  in  the  rim.  Allow- 
ing, say,  12,000,000  as  the  coefficient  of  elasticity  for  cast  iron, 
that  would  give  an  elongation  of  the  entire  rim  of  about  y5yo^ 
of  an  inch,  and  if  you  put  that  upon  one  arm  it  comes  down  to 
jj^j^  of  an  inch.  Consequently,  the  amount  of  swelling  of  the 
rim  due  to  tbe  centrifugal  force  is  not  enough  to  occasion  any 
trouble  in  regard  to  the  driving.  You  will  notice  that  so  far  as 
the  effect  of  gravity  is  concerned  in  a  six-arm  wheel,  it  will  be 
supported  by  the  bolts  or  pins  at  the  ends  of  the  horizontal 
diameter,  and  to  support  the  belt  pull  there  would  be  the  bolts 
at  the  end  of  the  vertical  diameter,  so  that  so  far  as  that  goes 
there  would  be  no  trouble. 

I  consider  this  a  really  important  point.  I  have  supervi- 
sion of  three  engines,  one  of  which,  a  high  speed  engine, 
has  a  bending  tension  in  the  rim  at  its  ordinary  speed  of 
about  4,800  pounds,  and  a  centrifugal  tension  of  about  350. 
Another  one,  a  Corliss  engine,  with  16-foot  flywheel,  has  a 
tension  in  the  rim  of  about  4,200,  and  a  centrifugal  tension  of 
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about  320.  Another  wheel,  G  feet  in  diameter,  has  about  the 
same  centrifugal  tension  and  7,800  ])ounds  bending  stress.  Now, 
flywheels  have  usually  been  designed  simply  on  the  basis  of  this 
centrifugal  tension,  and  I  have  just  mentioned  a  case  in  which 
the  ratio  of  the  centrifugal  tension  to  the  bending  tension  is 
22  to  1.  For  similar  reasons  a  good  many  of  the  wheels  have 
gone  to  pieces.  I  would  like  to  refer  you  to  an  illustration  in 
Power  for  November,  1897,  in  wdiicli  a  13  foot  flywheel  ran  away 
and  burst.  The  wheel  w^as  put  together  again  after  the  accident, 
and  it  showed  that  the  breaks  were  exactly  at  the  jDoin's  indi- 
cated by  analysis.  So  far  as  the  arms  of  the  flywheel  are 
concerned,  leaving  them  loose  at  the  rim  would  be  somewhat 
to  the  disadvantage  of  the  arm,  for  the  reason  that  ordinarily 
the  arm  under  the  action  of  inertia  or  belt  pull  tends  to  deflect 
into  a  curve  w^hicli  is  more  or  less  like  the  middle  half  of  the 
letter  S,  wdtli  a  maximum  stress  at  rim  and  hub.  If  the  arm 
were  left  free  that  w^ould  put  a  maximum  stress  at  the  hub, 
which  w^ould  be  a23proximately  one- half  greater  than  it  is  with 
arms  fixed;  but  we  will  relieve  the  tension  due  to  centrifugal 
force  of  the  rim  segment  supported,  so  that  with  the  same  ma- 
terial w^e  can  make  an  arm  fully  as  strong. 

There  is  another  article  to  which  I  w^ould  like  to  refer — 
Poicer  for  January,  1894 — where  a  wheel  suddenly  stopped, 
broke  all  the  arms  at  hub  and  rim,  and  the  rim  dropped  down 
into  the  pit.  That  Avas  to  me  at  least  a  demonstration  which 
was  not  to  be  gainsaid  in  regard  to  the  stresses  in  flywheel  arms. 
Moreover,  these  stresses,  Avhich  in  fact  occur  periodically 
during  constant  speed  and  on  opposite  sides  of  the  arm,  are 
reversed  during  each  stroke. 

Mr.  William  Kent. — I  have  recently  seen  a  flywheel  which 
violates  Mr.  Stanwood's  principles  in  having  the  joint  half  way 
between  the  arms.  The  rim  was  not  very  thick,  not  over  3 
inches,  and  the  width  was  probably  15  inches.  It  went  to 
pieces  b}^  breaking  through  the  flange.  The  section  of  the 
break  showed  a  lot  of  dirt,  blow-holes,  and  cinders.  It  seemed 
as  if  all  the  rubbish  out  of  the  end  of  the  ladle  came  right  to  the 
most  dangerous  point  of  the  flywheel,  and  the  discovery  was 
made  that  inside  of  this  fractured  piece  was  a  lot  of  pieces  of 
babbitt  metal,  or  some  other  metal,  which  had  been  put  in  there 
to  hide  the  defect,  but  it  had  not  completely  filled  it.  Nobody 
was  hurt  by  the  accident,  but  if  there  had  been  somebody  hurt 
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or  killed  there  might  have  been  an  action  for  damages  or  man- 
shiughter  that  would  have  led  to  the  ])uuishment  of  the  criminal 
in  that  foundry  who  put  babbitt  metal  in  a  flaw  in  the  most 
dangerous  part  of  au  engine. 

Mr.  Oherlin  Siftiilt. — It  seems  to  me  that  it  is  a  disgrace  to  this 
age  of  mechanical  engineering  to  have  so  manv  fivwheels  burst- 
ing  all  over  the  country.  We  talk  about  it  and  propose  a 
hundred  different  ways  of  keeping  them  together,  yet  we  do  not 
always  attain  our  end.  The  time  has  come  when  something 
should  be  done.  Undoubtedly  a  flywheel  rim  should  be  of 
forged  metal  if  possible,  though  it  does  not  seem  practicable  in 
all  cases.  It  is  rather  painful  to  see  the  manoeuvring  there  is 
with  cast-iron  wheels  to  keep  the  rim  from  breaking  the  spokes, 
and  the  spokes  from  breaking  the  rim.  Of  course  when  we  cast 
the  wdieel  all  in  one  piece  we  have  on  the  rim  the  bending  action 
of  the  spokes,  and  if  we  fasten  the  spokes  separately  to  the 
rims  in  small  wheels  we  fail  to  get  economy  in  cost.  My  expe- 
rience with  small  flywheels  up  to  4  or  5  feet  in  diameter  has 
been  that,  if  they  are  properly  cast,  so  as  to  relieve  the  initial 
tensile  strain  on  the  spokes,  there  is  not  much  trouble  wdtli 
them,  but  even  then  the  spokes  wdll  crack  sometimes  unless 
great  care  is  taken  in  casting.  The  best  way  seems  to  be  to 
take  the  sand  off  the  middle  of  the  wheel  first,  not  enough  to 
stretch  the  spokes  and  crack  them  as  they  shrink,  l)ut  just 
enough  so  they  can  shrink  and  be  put  under  some  tension.  Then 
afterwards  as  the  rim  cools  it  contracts  upon  them  and  relieves 
such  tension,  putting  the  wdieel  approximately  in  a  state  of 
equilibrium. 

Leaving  these  small  wheels  and  speaking  of  the  larger  ones, 
Mr.  Fritz's  general  idea  of  a  complete  rim  cast  in  one  piece, 
and  spokes  cast  sej)arately^,  is  undoubtedly  good.  His  spokes, 
which  are  simply  caulked  into  a  recess  in  the  rim  wdth  oakum, 
practically  form  a  loose  joint,  and  I  here  suggest  as  a  substitute 
(for  cases  where  it  would  be  suitable)  a  simple  pin-joint,,  thus, 
as  in  Fig.  322.  In  this  case  w^e  would  have  a  rim  made  up  in 
one  piece,  or,  if  it  was  too  large,  made  up  in  several  pieces, 
rigidly  fastened  together  so  as  to  practically  form  one  piece,  and 
that  rim  would  take  care  of  itself  if  strong  enough.  It  seems 
absurd  that  w^e  should  put  a  lot  of  artificial  bending  stresses 
into  a  rim  in  addition  to  the  normal  tensile  stress  w^hich  it 
must  have. 
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With  my  pivoted  joint  (which  probably  is  not  new,  althouf^^li 
I  have  never  seen  it  used)  we  have  a  neat  job,  and  tlie  spokes 
will  take  a  part  of  the  outward  pull  of  the  rim.  One  objection 
to  making  the  spokes  thus  loose  at  the  outer  end  is  that  we  are 
using  them  as  one-ended  beams,  which  require  considerable 
lateral  strength  in  comparison  with  ordinary  spokes,  acting  as 
beams  of  double  support.  But  we  simply  need  to  make  the 
spokes  of  proper  proportion,  and  wider  perhaps  than  usual,  so 
as  to  get  strong  beams.  If  we  do  the  other  way,  fastening  the 
spokes  rigidly  to  the  rim,  we  are  getting  a  lighter,  cIk  aper, 
double-ended  beam,  but  are  putting  a  lot  of  bending  stresses 
into  our  rim,  which  has  all  it  can  do  (and  sometimes  more)  to 
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Fig.  322. 
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withstand  the  centrifugal  force  alone.  It  therefore  seems  to  me 
that  the  coming  large  flywheel  will  have,  wherever  possible,  a 
separate  rim  with  spokes  put  loosely  into  it  in  the  way  that  has 
been  suggested  by  Mr.  Fritz,  or  perhaps  with  simply  a  pin- 
joint.  The  spider  would  thus  be  a  thing  of  itself,  entirely 
relieved  of  initial  s  rams,  as  would  also  the  rim.  A  still  better 
rim,  of  course  the  ideal  one,  would  be  a  forging  or  a  built  up 
structure  of  forged  metal.  It  would  not  bo  a  matter  of  great 
difficulty  with  moderate  sizes  to  cast  a  rim  with  the  proper 
spoke  lugs,  and  shrink  upon  it  a  forged  tire,  or  to  wind  it  with 
wire,  preferably  of  square  cross-section. 

Mr.  Gns.  C.  IJenning.  —  l  have  had  occasion  at  a  previous 
meeting  to  point  out  why  Mr.  Fritz's  wheels  ran  so  well,  and  in 
fact  it  was  suggested  that  none  ever  failed—''  that  they  were  all 
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right."  The  point  in  the  design  of  flywheels  to  which  Mr. 
Fritz  has  given  more  attention  than  anyone  else  is  this,  that 
he  eliminates  all  the  weak  material  in  every  part  of  the  wheel, 
at  the  same  time  eliminating  the  possibility  of  dangerous  shrink- 
af^e  strains  in  the  corners,  and  also  making  provision  for  uniform 
shrinkage  of  the  different  parts  of  the  wheel,  so  that  no  matter 
what  the  shrinkage  is  it  is  harmless.  This  can  be  done  by 
casting  the  arms  in  the  manner  shown.  The  material  in  these 
sections,  as  shown  in  the  arms  and  in  the  rims,  is  always  in  the 
best  shape.  The  material  at  the  centre  of  solid  rims,  hubs,  and 
arms  is  always  in  the  poorest  shape.  In  fact,  it  is  frequently 
hollow  or  segregated,  and  we  rarely  ever  know  the  actual  strength 
for  this  mass  of  material.  The  material  in  the  ribs  joining  the 
arms  and  rim  is  more  rigid  than  the  other,  and  its  rigidity,  as  I 
pointed  out  last  fall,  makes  the  wheels  good  and  strong.  Key- 
ing the  wheel  together  w^here  the  greatest  bending  moments 
occur,  as  shown  by  the  sketch,  and  providing  the  strongest 
material  at  this  place,  as  Professor  Kerr  showed,  leaves  the 
material  in  the  best  condition,  and  united  in  a  thorough  manner 
wdiere  it  would  otherwise  be  weakest.  I  think  the  advantage  of 
using  cast  iron  in  the  shape  in  which  we  know  it  best  is  one  of 
the  essential  points  in  the  wheel.  A  hollow  rim  would  certainly 
be  much  better  in  every  respect,  properly  cast,  than  a  solid  rim, 
because  the  material  would  be  in  a  known  condition  which  we 
know  to  be  reliable.  Of  course  it  is  well  known  that  this  oakum 
packing  makes  an  elastic  connection,  and  when  the  inertia  due 
to  the  reversal  of  the  roll  train  or  a  sudden  stoppage  acts 
through  the  rim  of  the  wheel  and  the  arms  there  is  alw^ays  a 
certain  amount  of  compressibility  of  material  at  the  hub  which 
prevents  all  of  the  load  coming  entirely  on  the  arms  suddenly. 
Of  course,  this  shape  is  more  rigid  than  the  same  amount  of 
solid  material  would  be  ;  that  is,  the  same  weight  of  material  in 
this  rim  makes  it  very  much  stiffer  than  it  would  be  if  it  were 
solid.  Taking  all  these  matters  into  consideration,  I  think  it 
explains  why  these  wheels  have  never  failed. 

Mr.  Jas.  McBrlde.—Mi\  Fritz  at  the  last  meeting  promised  to 
show  us  a  flywheel  of  his  design  that  he  had  built  and  run  for 
years,  and  which, had  never  bix)ken.  There  we  have  it,  and  I 
think  that  he  has  in  the  design  of  that  wheel  eliminated  every 
weakness.  It  has  been  sufficiently  strong  for  thirty  years  to  do 
the  work  for  which  it  was  designed. 
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Mr.  Kerr. — If  we  are  to  enumerate  the  names  of  tliose  wlio  have 
investigated  Hywheel  stresses,  then  in  addition  to  tliat  of  Mr. 
Stanwood  we  ought  at  least  lo  mention  that  of  Professor  Lanza, 
and,  I  believe  of  an  earlier  date,  that  of  Professor  Unwin.  The 
fact  is  that  the  speeding  uj)  of  flywheels,  especially  those  on 
Corliss  engines,  due  to  the  demands  of  electric-lighting  service, 
has  been  largely  responsible  for  the  large  number  of  flywheel 
accidents.  The  factor  of  safety  in  those  wheels  was  already 
small  when  first  designed, and  the  speeding  up  simply  caused  them 
to  2>ass  their  point  of  safety.  Now,  as  Mr.  Fritz  has  already 
used  this  method  of  construction  which  I  liaA'C  proposed,  I  would 
like  to  see  the  type  of  band  flywheel  trie^l  by  some  one.  I  think 
it  is  safe,  in  fact  the  safest  form  of  flywheel  that  can  be  de- 
signed. Numerous  sections  of  flywheel  rims,  somewhat  fan- 
tastic, have  been  proposed  ;  but  I  think  the  safest  section  is 
simply  the  plain  rectangular  section  with  the  arms  free — that  is, 
that  the  rim  expand  under  its  own  tension.  The  references 
which  I  made  to  Poiver  will,  I  think,  j^rove  conclusively  to  those 
who  will  investiojate  the  circumstances  the  actual  facts  that  the 
maximum  stresses  in  Avheels  do  come  as  has  been  indicated  here. 

In  justice  to  myself  I  should  add  that  my  note  books  show 
original  and  complete  analysis  of  the  stresses  in  flywheel  rims 
and  arms  of  a  date  at  which  I  did  not  have  the  benefit  of  the 
work  done  by  Professors  Stanw^ood  and  Lanza.  There  are 
no  doubt  others  Avho  have  investigated  these  stresses  inde- 
pendently. 

21r.  Wilfred  Lewis. — I  have  just  one  suggestion  to  make.  It 
has  been  pointed  out  that  the  danger  to  flywheels  is  due  chiefly 
to  bending  strains,  and  that  the  construction  shown  in  Fig.  5 
tends  to  relieve  the  bending  strains  through  the  elasticity  of  the 
oakum  packed  in  the  joint.  Possibly  a  looseness  in  the  joint 
would  be  favorable  to  the  distribution  of  the  strains  in  the  rim 
and  arms,  but  it  could  not  be  advocated  as  good  practice. 
Now,  it  seems  to  me  that  the  proper  way  to  relieve  the  bending 
strains  while  running  is  to  set  up  bending  strains  when  the 
Avheel  is  standing,  and  that  the  construction  shown  in  Fig.  321 
lends  itself  particularly  to  the  accomplishment  of  that  end.  If 
the  arms  are  put  in  compression  when  the  wheel  is  at  rest  by 
wedges  driven  in  on  top  of  the  arm,  instead  of  leaving  it  loose, 
as  suggested,  then  the  rim  would  be  under  bending  strain  when 
standing,   and  when  running  at  the  proper  speed  it  Avould  be 


958  nOLLlNG-MTIJ.    FT.Y WHEELS. 

entirely  relieved  of  bendinp;  strain,  and  subjected  only  to  lioop 
tension,  which  is  more  easily  taken  care  of. 

]\[r.  James  II.  Stanwood. — I  have  recently  had  occasion  to  in- 
vestiijjate  the  s!:rain  thrown  on  the  rim  of  a  wide  band  Avheel  by 
the  usual  form  of  lug  located  midway  between  the  arms.  I  find 
that  such  a  lug  will  often  double  the  strain  on  the  rim,  besides 
weakening  the  rim  itself. 

It  has  been  my  pleasure  to  visit  Professor  Benjamin  at  Cleve- 
land and  to  have  inspected  some  of  the  burst  wheels  upon 
which  he  has  experimented.  At  the  last  meeting  of  the  Society 
I  called  attention  to  the  fact  that  if  the  lug  was  located  near  the 
arm,  say  about  one-fifth  to  one-fourth  of  the  entire  span  of  one 
arm,  then  I  believed  that  wheels  so  constructed  would  be 
stronger.  I  hope  that  Professor  Benjamin  will  be  able  to  give 
us  some  experimental  demonstration  on  this  case. 

In  regard  to  wheels  in  general,  there  is  less  danger  from  the 
large  square  rim  wheels  which  are  stiff  in  the  rim  in  relation  to 
the  strength  of  arms,  and  which  are  usually  constructed  under 
the  eye  of  a  competent  engineer,  than  the  "  commercial "  band 
flywheels  and  pulleys,  which  are  designed  and  used  in  an  indis- 
criminate manner.  If  some  simple  standard  proportions  and  de- 
sign, based  both  on  practice  and  theory,  could  be  evolved  for  such 
wheels  there  would  be  less  loss  of  life  and  property  than  now. 

Prof.  Forrest  R.  Jones.— Dwy'ui^^  the  last  year  I  was  investi- 
gating different  flywheels  in  order  to  see  what  might  be  made 
by  our  representative  builders.  I  found  three  that  seemed  to  be 
worthy  of  particular  attention.  One  was  made  by  the  E.  P. 
Allis  Company,  of  Milwaukee.  It  had  tangent  arms  placed 
somewhat  as  in  a  bicycle  wheel,  the  arms  being  made  of  rectan- 
gular-section bar  iron,  however,  and  so  attached  to  the  rim  that 
the  side-bending  action  of  one  was  counteracted  by  that  of 
another.  This  particular  fly  wheel  was  designed  for  a  mine-hoist- 
ing engine  where  the  variation  of  load  was  very  great. 

Another,  by  a  different  concern,  w^as  a  band  wheel  of  a  form 
which  has  not  been  mentioned  here  to-day,  in  which  there  is  a 
very  broad  and  comparatively  thin  rim.  The  manufacturers  of 
this  wheel  had  noticed  that  fractures  very  often  occur  in  such 
wheels  in  the  arms,  so  their  idea  was  to  design  an  arm  which 
w^ould  not  be  apt  to  break.  They  made  the  arm  hollow,  larger 
at  the  hub,  both  in  diameter  and  thickness,  than  at  the  rim. 
Through  the  centre  of  the  arm  they  put  a  rather  large  tension 
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rod  of  steel,  witli  either  a  key  or  uut  on  one  end  for  tightening 
it,  so  as  to  put  the  cast-iron  part  of  the  arm  in  compression  by 
putting  the  steel  rod  in  it  in  tension,  thereby  relieving  the  cast 
iron  of  the  tension  partly  or  wholly. 

Another  form,  made  by  two  or  three  manufacturers,  I  believe, 
is  that  in  which  the  arm  is  of  an  I-beam  cross-section,  the  web 
being  placed  in  the  plane  of  the  wljeel,  this  wheel  being  particu- 
larly adapted  to  resist  strain  coming  from  variations  of  speed  due 
to  sudden  loading  of  the  engine. 

It  was  stated  a  few  minutes  ago  that  the  wheel  sketched  on 
the  board  is  the  safest  form  of  flvwheel  that  can  be  designed. 
While  this  may  be  true  of  cast-iron  flywheels,  there  are  designs 
in  other  materials  which  will  unquestionably  stand  higher 
speeds  and  greater  variations  of  speed.  Notable  among  these 
are  the  following  two,  one  made  of  plate  steel  and  the  other 
wound  with  wire. 

The  steel-plate  wheel  has  a  web  made  of  a  number  of  seg- 
mental plates  placed  so  as  to  break  joints,  and  held  together  by 
rivets  passing  through  from  side  to  side.  The  rim  is  built  up 
of  several  pieces  of  plate  metal  cut  so  as  to  form  a  ring  when 
placed  together.  These  sections  are  placed  together  so  as  to 
break  joints,  and  are  riveted  through  from  side  to  side.  Steel 
plate  1  inch  thick  is  used  for  the  web,  and  If  and  H  inches 
thick  for  the  rim.  The  hub  is  of  cast  iron,  72  inches  in  diam- 
eter, made  of  two  disks.  It  can  be  seen  that  the  pulley  has  what 
might  be  called  a  built-up  web.  The  pulley  is  18  feet  in  diam- 
eter and  has  a  rim  lo^^xlG  inches.  The  web  is  made  of  two 
thicknesses  of  1-inch  plate.     The  factor  of  safety  is  about  forty. 

The  wire-wound  flywheel,  having  a  rim  composed  of  wire 
wound  circumferentially  under  tension  around  the  web,  was  con- 
structed for  use  in  a  rolling  mill  at  Landore,  Wales,  using  the 
Mannesmann  process  of  rolling  tubing  from  the  solid  bar.  In 
this  class  of  rolling  a  very  great  amount  of  power  must  be  sup- 
plied to  the  machinery  in  a  short  time.  The  strain  upon  the 
flywheel  is  accordingly  very  great,  on  account  of  the  sudden  re- 
duction of  speed  which  it  must  undergo  in  order  to  deliver  its 
energy,  as  well  as  on  account  of  the  high  speed  at  which  it  runs 
in  order  to  have  sufficient  energy  stored  in  it. 

The  construction  adopted  is  the  strongest  and  safest  that  can 
be  devised.  Two  steel  disks,  20  feet  in  diameter,  are  bolted  to 
a  cast-iron  hub.     The  outer  edges  of  the  disks  form  a  groove 
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into  which  wire  is  wouud  to  form  the  heavy  rim.  The  groove  is 
tilled  with  70  tons  of  No.  5  steel  wire  wound  on  under  a  tension 
of  50  pounds.  The  wheel  is  run  at  240  revolutions  per  minute, 
which  corresponds  to  a  circumferential  velocity  of  15,080  feet,  or 
2.85  miles  per  minute. 

Mr.  IJof/cr. — I  would  like  to  iisk  Mr.  Fritz  if  he  ever  knew  of 
a  tiywheel  of  that  character  going  to  pieces. 

3Ir.  Fritz. — I  never  did. 

Mr.  Boyer. — I  recall  by  my  earliest  recollection  flywheels 
built  of  that  design,  and  I  have  no  recollection  of  an  accident. 
I  will  say  to  all  these  fellows  that  have  built  wheels  that  are 
breaking  to  go  and  design  likewise. 

Mr.  Oherlin  Smith. — I  am  glad  to  hear  mentioned  the  wire- 
wound  wdieel,  and  there  is  no  question  in  my  mind  but  that  the 
truly  good  flywheels  of  the  future  must  be  either  banded  Avith 
hoops  or  wire-wound.  We  should,  in  making  these  rims,  use 
the  same  amount  of  painstaking  care  to  resist  the  maximum 
bursting  stresses  as  we  do  with  our  cannon — begging  pardon  of 
the  naval  gentlemen  present,  I  should  say,  rather,  big  guns.  In 
regard  to  wire  spokes,  or  other  suspension  spokes  of  any  kind,  I 
think  there  is  no  question  that  they  can  be  made  to  do  good 
work  for  a  rough  wheel ;  yet  an  objection  to  them  would  seem 
to  be  that  their  undue  elasticity  would  lead  to  the  rim  not  al- 
ways running  as  true  as  is  required  for  belting  purposes,  espe- 
cially as  the  belt  gives  a  heavy  lateral  pull.  It  would  therefore 
seem  better  to  use  a  good,  stiff  cast-iron  spider,  preferably,  per- 
haps, with  the  spokes  rather  large  and  cast  hollow,  of  elliptical 
section.  Such  a  construction,  having  them  pin-jointed  to  a  steel- 
hooped  rim,  would,  I  am  inclined  to  think,  make  an  ideal 
wheel. 

Mr.  J.  A.  Brashear. — I  desire  to  bear  testimony  to  the  effi- 
ciency of  the  wheel  designed  by  Mr.  Fritz.  During  my  rolling- 
mill  experience  of  over  twenty  years  I  have  constructed  a 
number  of  flyw^heels  of  this  design,  and  in  but  one  case  has  one 
of  these  wheels  been  destroyed  ;  that  one  under  quite  anomalous 
conditions — namely,  by  the  burning  of  the  rolling  mill.  The 
heat  was  so  great  that  the  expansion  of  the  rim  pulled  the 
flange  sockets  aw^ay  from  the  hub,  but  by  making  a  new  hub 
the  wheel  was  reconstructed  and  is  still  running.  I  think  this 
construction  of  a  large  flywheel  is  practically  perfect,  provided 
the  castings  are  carefully  made  and  allowed  to  cool  slowly  so 
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that  there  shall  be  a  miiiiiiumi  ol  molecuhir  strain  in  the  metal, 
particularly  where  there  is  a  change  of  direction  in  the  shape  of 
the  casting. 

I  have  seen  several  flywheels  go  to  pieces,  and  I  believe  in 
almost  every  case  the  breakage  was  due  to  molecular  strain 
in  the  material. 

Mr.  Smith  refers  to  a  solid  circular  rito  cast  flywheel.  I  very 
well  remember  an  experience  with  such  a  wheel.  The  owner  of 
a  rolling  mill  in  which  I  was  employed  determined  that  he 
would  cast  a  solid-rimmed  wheel  of  about  26  feet  diameter,  and 
to  weigh  when  finished  approximately  40  tons.  The  rim  was 
of  an  oval  section  about  14  by  12  inches  in  the  major  and  minor 
axes.  Steel  arms  4  inches  in  diameter  were  cast  with  the  rim, 
and  the  centre  or  hub  of  the  wheel  w^as  to  be  cast  after  the  rim 
had  .become  almost  cold.  The  mould  was  made  close  to  the 
flywheel  pit  and  the  metal  run  in  an  iron-lined  trough  across  a 
roadway  from  the  old  foundry  of  Knapp  &  Wade,  celebrated 
during  the  war  for  casting  the  Rodman  guns.  The  casting  was 
successfully  made  and  allowed  to  cool  for  nearly  a  week,  but  it 
cooled  too  rapidl}^,  I  think  owing  to  the  thin  casing  of  sand 
in  the  mould,  and  it  went  to  pieces  with  a  shock  that  was  felt 
for  squares  around.  The  rim  did  not  break  at  symmetrical 
points,  such  as  at  the  arms,  where  one  might  think  rupture 
would  take  place,  but  between  the  arms,  as  well  as  near  them, 
showing  tremendous  molecular  strain.  I  am  certain,  from  a 
long  experience  in  working  material,  that  molecular  strain  is  a 
most  potent  factor  which  should  be  studied  very  carefully  by 
the  mechanical  engineer. 

3Ir.  Jno.  T.  HaioMns. — I  would  like  to  say  one  word,  which  I 
am  glad  to  say  will  be  in  corroboration  of  Mr.  Fritz  and  his  fly- 
wheel. In  the  experiments  of  Professor  Benjamin,  described  at 
the  last  meeting,  I  believe  his  flywheels  were  all  ruptured  by 
centrifugal  force  only.  I  think  there  is  one  feature  in  flywheels 
lost  s'ght  of  in  this  discussion,  and  that  is  that  there  are  two 
distinct  varieties  of  strain  brought  on  a  flywheel.  The  fact 
that  it  is  properly  proportioned  and  made  to  resist  one  variety 
of  strain  is  no  indication  that  it  is  able  to  resist  the  other. 
The  large  majority  of  flywheels  which  do  tear  themselves  to 
pieces  do  so  on  account  of  high  peripheral  velocity  and  the 
resulting  centrifugal  stress,  particularly  where  the  results  are 
disastrous  to  the  surroundings  from  the  rim  flying  to  pieces. 
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Now,  flywheels  are  also  constructed  which  do  not  run  and  do  not 
require  to  run  at  very  hi<^h  peripheral  speed,  hut  are  con- 
structed to  store  up  energy  durin<^  a  portion  of  the  revolution 
and  give  it  out  at  other  portions,  which  is  a  somewhat  distinct 
thing  from  the  other  and  re(pnres  altogether  different  propor- 
tions and  is  a  different  construction  really.  I  quite  agree  with 
Mr.  Smith  that  it  is  somewhat  of  a  reproach  to  the  engineers 
that  there  are  so  many  flywheels  bursting  throughout  the  country. 
Where  a  flywheel  is  intended  to  withstand  high  rotation,  with- 
out any  severe  efforts  to  arrest  its  rotation  at  different  points  of 
a  revolution,  it  requires  a  very  different  structure  from  that  now 
illustrated  by  Mr.  Fritz.  This  is  a  typical  case  of  rotative 
effort  that  is  to  be  stored  up  during  a  portion  of  the  revolution, 
or  perhaps  during  two  or  three  revolutions,  and  suddenly  given 
out,  and  I  apprehend  myself  that  the  success  of  this  particular 
wheel  in  the  rolling  mills  is  partly  due  to  the  fact  that  its  con- 
nection with  the  hub  is  made  somewhat  elastic.  Eolling-mill 
stresses  more  or  less  suddenly  resist  the  rotation  of  the  rolls 
and  are  somewhat  of  the  nature  of  a  shock,  and  w^hen  w^e  get 
down  to  absolute  shock  we  are  liable  to  be  shocked  ourselves  at 
the  result.  We  do  not  know  just  exactly  how  to  deal  with  it, 
and  the  least  elasticity  given  to  a  structure  of  that  kind  really 
takes  the  maximum  danger  away. 

Mr.  Fritz's  flywheel  is  clearly  and  properly  proportioned  to 
resist  that  kind  of  stress  Avhich  tends  not  to  produce  peripheral 
stress  in  the  rim  so  much  as  to  produce  rupture  at  the  juncture 
of  the  arms  with  the  rim  and  the  hub ;  it  does  not  appear,  there- 
fore, that  the  analysis  of  the  stresses  brought  to  rupture  the  rim, 
given  by  a  previous  speaker,  applies  to  the  type  of  flywheel 
described  by  Mr.  Fritz.  Flywheels  required  upon  punching, 
shearing,  and  drawing  presses  are  types  of  what  Mr.  Fritz  has 
described,  and  all  are  quite  distinct,  for  instance,  from  steam 
engine  flywheels. 

Mr.  Oberlin  Smith. — We  cannot  always  know  the  molecular 
condition  of  the  iron  in  the  interior  of  a  flywheel  rim,  nor  how 
much  it  is  affected  by  shrinkage  strains.  It  is  all  right  to  have 
the  best  quality  of  iron,  but  we  must  remember  that  we  have 
the  ever  present  blow-hole ;  and  that  sometimes  there  are 
hidden  blow-holes,  so  that  we  never  know  what  the  real  cross- 
section  is  at  every '  point  of  the  rim.  Cast-iron  rims  subject 
to  centrifugal  forces  must  be,  after  all,  nothing  but  a  lottery  and 
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ji  venture — and  this  fact  c<innot  he  impressed  too  stronfjhj  upon 
their  makers  and  users. 

Ifr.  Fritc. — I  propose  to  occupy  your  time  but  a  monu^iit. 
In  the  first  place  I  am  not  a  talker.  Prof.  Kerr  spoke  about 
leaving  the  arms  loose.  My  experience  all  my  life  has  been 
to  make  everything  fast.  I  do  not  think  it  is  ])ossible  to 
make  them  loose  without  getting  into  trouble.  I  undertake 
to  take  care  of  the  strength  Avhich  he  spoke  about,  in  this  way. 
In  these  rims  there  is  no  possibility  of  their  getting  out  of 
a  true  circle  unless  the  engine  runs  away,  or  some  remark- 
able accident  happens  to  it.  They  are  made  heavy,  and  being 
cast  hollow  add  depth  to  the  rim,  and  being  securely  fastened 
at  the  ends  they  form  a  continuous  girder.  In  regard  to  the 
tendency  of  the  wheel  to  go  to  pieces,  I  have  said  in  my  paper 
that  I  know  of  no  class  of  work  that  is  so  severe  on  a  flvwheel 
as  that  of  the  rolling  mill,  as  no  work  could  well  be  more 
irregular. 

Another  thing  Professor  Kerr  has  mentioned,  the  importance 
of  getting  the  right  kind  of  metal,  and  getting  it  so  distributed 
as  to  avoid,  as  far  as  possible,  all  casting  strains.  This  is  all- 
important,  and  is  one  of  the  great  advantages  of  the  hollow  rim, 
and  had  much  to  do  with  its  adoption. 

A  word  about  cooling.  My  experience  has  been,  when  a 
casting  is  made,  cover  it  well,  letting  no  j)art  be  exposed  to  the 
air,  so  that  it  will  cool  uniformly.  Another  thing  about  the 
metal.  Get  it  as  strong  as  you  can,  avoiding  all  tendency  to 
check.  We  aimed  to  get  22,000  pounds  tensile.  Probably  it  is 
not  as  high  as  that,  and  will  range  between  20,000  and  22,000  per 
square  inch. 

In  regard  to  castings,  I  have  reference  to  castings  that  are 
fairly  well  proportioned  in  thickness. 

I  can  only  say,  in  regard  to  this  form  of  wheel,  there  are 
fifteen  or  twenty  running,  varying  from  12  to  30  feet  in  diam- 
eter. There  has  never  been  a  particle  of  trouble,  never  a  tee 
loose  or  anything  else,  to  the  best  of  my  knowledge.  One  word 
about  band  wheels.  I  was  asked  to  make  a  drawing  of  one,  and 
Fig.  235  shows  such  a  one  as  I  would  use  for  a  rolling  mill  should 
I  be  in  want  of  such  a  wheel. 

Mr.  F.  A.  Halsey. — So  much  has  been  said  about  the  bending 
strains  in  flywheel  rims  that  it  should  be  pointed  out  that  Mr. 
Fritz's  design  does  much  to  minimize  those  strains  by  providing 
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more  arms  than  usual — sixteeu  iu  the  wheel  shown.  This  is  an 
improvement,  not  only  because  of  the  increased  strength  due  to 
the  arms,  but  because  the  increased  number  of  arms  reduces  the 
lengtli  of  the  individual  segments  of  the  rim.  If  the  depth  of 
the  rim  section,  the  fact  that  the  rim  is  a  box  girder,  and  the 
small  amount  of  overhang  of  the  segment  are  considered,  it  will 
be  seen  that  the  bending  strain  on  its  rim  must  be  very  small. 


Scale,  3in.=  7  feet 


Jobo  Friu 


Fig.  235. 


It  is  more  than  probable  that  in  Mr.  Fritz's  wheel  the  arms  are 
a  source  of  strength  and  not  w^eakness. 

Mr,  Fritz. — In  that  wheel  I  tried  to  get  in  as  large  a  number 
of  arms  as  possible.  That  wdieel  has  sixteen  arms — 10  inches 
wide  wdiere  it  enters  the  hub  at  centre,  and  13  inches  at  top  of 
billet,  and  they  are  12  inches  the  other  way,  so  that  the  wheel 
is  perfectly  stiff  in  both  directions. 

Mr.  Comly. — Mr.  Fritz's  idea  of  having  a  good  many  arms  is 
certainly  in  the  right  direction.  It  seems  to  me  that  w^e  ought  to 
go  further  and  build  them  up  out  of  steel  plates  in  which  the 
rivets  or  bolts  Avould  be  made  6  inches  or  so  apart  around  the 
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rim  ;  that  would  be  a  step  still  further.  Another  point  about 
flywheels  and  pulleys  is  the  question  of  the  dust  collecting  on 
the  inside  of  the  rim.  A  flywheel  of  this  sort  is  not  so  much 
trouble,  but  in  some  classes  of  manufactures,  a  wheel  on  which 
there  is  a  belt  is  a  very  serious  troul^le,  especially  where  the 
wheels  run  night  and  day,  and  from  one  year's  end  to  the  other. 
It  seems  to  me  that  a  wheel  built  on  a  girder  principle  of  steel 
plates  is  a  step  in  the  right  direction.  Some  of  them  are  now 
in  use  and  giving  very  satisfactory  results.  I  hope  tliat  steel 
pulleys  for  belts  will  receive  careful  consideration  by  our  pulley 
manufacturers,  as  well  as  heavy  steel  flywheels. 

Mr.  Fred,  A.  Waldron. — We  are  all  ready  and  willing  to 
acknowledge  that  Mr.  Fritz's  paper  is  concise  and  to  the  point, 
and  we  respect  the  opinion  of  his  associates,  and  defer  in  all 
questions  regarding  cast-iron  flywheels  in  favor  of  Mr.  Fritz's 
method  of  construction.  Experience  for  the  past  twenty-five 
years  has  shown  them  to  be  safe,  and  in  all  probability  they  are 
good  for  twenty-five  years  more. 

Conditions,  however,  are  constantly  changing.  Electricity 
has  entered  the  mechanical  field  in  the  last  decade,  and  with  its 
rapidly  advancing  strides  demands  more  perfect  steam  engines. 
Closer  competition  demands  the  greatest  economy  in  floor  space 
and  steam  consumption.  To  meet  these  demands  the  engineer 
is  in  the  field  with  high  piston  and  rotary  speeds,  which  even  to 
the  present  day  have  not  in  all  probability  reached  their  limit. 
To  meet  these  conditions,  commercially  and  theoretically,  engi- 
neers all  naturally  turn  to  a  stronger  and  more  certain  metal 
than  cast  iron. 

Mr.  Fritz  and  his  associates  in  the  rolling-mill  business  have 
forced  this  condition  upon  us  in  giving  us  wrought  iron  and 
steel  which  are  from  four  to  six  times  as  strong  as  cast  iron,  and 
of  an  infinitely  higher  elastic  limit,  together  with  an  absolute 
knowledge  of  their  physical  properties.  This  material  can  be 
bought  in  open  market,  rolled  to  special  shapes,  in  large  quanti- 
ties, from  ^  to  Ih  cent  per  pound  cheaper  than  cast  iron. 

With  this  condition  confronting  us,  I  predict  the  flywheel  of 
the  future,  whether  of  the  balance-wheel  or  driving  type,  will  be 
of  wrought  iron  or  steel  construction,  built  up  from  the  hub 
with  steel  plates  properly  braced  as  spokes,  and  a  built-np  rim, 
made  by  dovetailing  and  riveting  or  bolting  the  segmental  plates 
together. 
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In  the  case  of  driving  wheels  used  as  flywheels,  a  modified 
channel  or  angle  section,  rolled  to  suit,  shall  constitute  the  rim,         ■ 
with  a  single  steel-plate  web  or  arm  in  the  centre  tor  narrow 
rims,  and  a  plate  attached  to  each  side  of  the  rim  and  braces 
laterally  for  wider  rims. 

Wrought-steel  pulleys  are  now  obtainable  in  open  market  up 
to  24  inches  in  diameter.  These  can  be  bought  as  cheaply  as 
cast-iron  pulleys  of  corresponding  size,  if  not  cheaper.  They  are 
lighter  than  cast  iron,  and,  if  properly  made,  are  far  superior. 

Wrought  steel  stamped  accurately  can  be  obtained  in  various 
forms  from  a  small-sized  padlock  up  to  the  larger  portions  of 
boilers  of  every  description,  and  the  end  is  not  yet. 
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A   NEW  SYSTEM  OF   VALVES  FOR   STEAM  ENGINES, 
AIR   ENGINES,    AND    COMPRESSORS, 

BY    FREB.    W.    GORDON,    PHILADELPHIA,    PA. 

(Member  of  the  Society.) 

In  steam  or  air  motors  there  are  four  valves  in  each  head, 
two  for  the  inlet  and  two  for  the  exhaust,  each  pair  being  an 
exact  duplicate  of  the  other.  A  valve  really  consists  of  a  pair 
of  valves,  of  the  same  diameter,  connected  by  links  to  a  rock 
arm,  at  an  equal  distance  from  the  centre  of  the  rock  shaft>  one 
valve  moving  it  into  the  cylinder,  the  other  away  from  it  to  open 
their  ports.  The  valves  are  in  equilibrium  as  to  current  and 
pressure.  If  we  are  referring  to  the  head  end  of  the  cylinder, 
and  the  piston  is  at  the  dead  point  at  that  end,  then  the  ends  of 
these  valves  may  be  flush  with  the  inside  of  the  cylinder  head, 
and  the  only  clearance  will  be  the  circular  bevelling  of  the  ends 
of  the  valves  which  move  outward,  and  the  ribbed  chamber 
around  the  ends  of  the  valves  which  move  inward  to  open, 
together  with  whatever  clearance  is  thought  j^roper  to  avoid 
contact  between  the  piston  head  and  cylinder  head.  This  total 
clearance  need  not  exceed  one-half  of  one  per  cent,  for  ordinary 
Corliss-engine  proportions  as  to  diameter  and  stroke.  The 
excess  of  the  surface  exposed  to  the  steam  upon  its  introduction 
to  the  cylinder  is  not  more  than  9  per  cent,  above  the  area  of 
the  piston  head  and  cylinder  head.  A  minimum  of  clearance, 
a  minimum  of  surface  to  reduce  internal  condensation,  and 
maximum  of  portage  are  the  claims  for  this  system.  The  illus- 
trations show  the  adaptability  of  the  system  for  shaft-governed 
or  automatic  liberatino^  ensrines.  The  details  of  these  need  not 
be  dwelt  upon,  as  they  would  be  modified  for  each  particular 
case.  Neither  is  it  necessary  to  call  special  attention  to  the 
method  of  packing  the  piston  valves,  as  that  is  not  essentially  a 


*  Presented  at  the  AVasliington  meeting  (May,  1899)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XX.  of  the  Transactions. 
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part  of  the  system,  tliougli  it  is  believed  the  double  ring  shown 
is  the  best — it  certainly  has  proven  to  be  tight. 

These  valves  being  placed  in  the  heads  of  the  cylinder,  and 
the  valve  cylinder's  bore  being  parallel  with  the  bore  of  the 
main  cylinder,  the  inner  flush  ends  of  the  valves  are  parallel 
with  the  inside  of  head.  The  distance  from  the  cylinder  to  the 
port  is  shorter  than  usual,  reducing  the  resistance  and  change 
of  temperature  incident  to  long  ports. 

When  the  engine  is  compound  the  employment  of  the  valves 
in  the  heads  is  conducive  to  direct  and  free  passage  between 
the  cylinders,  so  that  practically  exhaust  pressure  in  a  high- 
pressure  cylinder  may  be  the  initial  pressure  in  a  low-pressure 
cylinder.  When  the  piston  is  at  dead  point,  and  the  valves 
have  the  desired  lead,  and  the  ends  of  the  valves  nearly  flush 
with  the  inside  of  the  cylinder  head,  then,  as  the  piston  recedes 
from  that  end,  one  of  the  valves  follows  the  piston  and  the 
other  recedes  from  it.  It  will  be  seen,  then,  that  no  amount  of 
increased  travel  of  the  valves  materially  increases  the  clearance, 
hence  the  system  is  especially  adapted  to  shaft  governing,  where 
in  shorter  cut-offs  the  reduction  of  a  small  valve  travel  will  affect 
the  portage  and  cause  wire-drawing. 

For  air  compressors,  which  include  blowing  engines  used  at 
blast  furnaces,  gas  or  any  other  elastic  fluid  compressors,  the 
inlet  valves  are  constructed  so  as  to  be  similar  to  one  pair  of  a 
steam  engine's  valves.  The  delivery  or  discharge  valves  may 
be  similarly  constructed,  or  modified  as  referred  to  further  on. 

Fig.  325  is  a  sectional  elevation  of  a  pair  of  these  valves 
connected  by  link,  and  acting  as  one  valve.  The  outer  ends  of 
these  valves  at  A  are  shown  with  metallic  packing  rings,  to 
be  used  when  the  valve  is  employed  in  compound  compressors 
or  where  the  inlet  pressure  exceeds  the  atmospheric.  This 
system  may  be  used  in  steam  engines,  but  we  prefer  that  shown 
on  Fig.  326.  This  drawing  is  made  to  scale,  and  the  clearance 
can  be  accurately  calculated,  the  valves  being  3  inches  in 
diameter  and  suitable  for  a  14-inch  air  compressor,  and  amply 
large  for  a  16-inch  steam  cylinder  at  600  feet  piston  speed. 
The  actual  portage  of  these  valves  is  13  square  inches. 

Fig.  326  is  a  side  elevation  of  a  steam  cylinder  provided 
with  this  valve  system,  and  arranged  for  releasing  gear,  the  left 
hand  showing  the  steam  valves  and  the  right-hand  end  the 
exhaust  valves. 
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Fig.  327  shows  the  left-hand  end  of  a  compressor  Avith  the 
wrist  plate  operating  the  inlet  valves.  In  the  connection  be- 
tween the  wrist  plate  and  the  rock  arm  there  is  lost  motion, 
leather- faced  taj^pets  being  employed.     The  valves  being  in  per- 
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Fig.  325. 


feet  equilibrium,  they  move  with  such  freedom  that  at  100  revo- 
lutions per  minute  these  tappets  make  scarcely  a  perceptible 
noise. 

Fig.  328  is  a  diagram  illustrating  the  action  of  this  lost  motion 

just  referred  to. 

Fig.    329    is  a   l)last  furnace   blowing   cylinder,  42    inches  in 
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Fig.  327. 
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diameter  by  30- inch  stroke.  Two  of  these  set  vertically  are 
to  bo  driven  by  gas  engines,  fed  by  the  waste  gases  from  the 
blast  furnace.  To  effect  economy  with  gas  engines  high  rotative 
speed  is  important,  and,  as  these  engines  were  coupled  direct 
to  the  gas-engine  shaft,  they  have  to  run  160  revolutions  per 
minute  ;  hence  the  enormous  size  of  the  valves,  to  be  made  more 
than  ample  for  800  feet  piston  speed  per  minute.  Each  of  these 
valves  is  11  inches  in  diameter,  two  for  inlet  and  two  for  out- 
let. Two  separate  eccentrics  operate  these  valves  through  the 
intervention  of  rock  arms  and  wrist  plates.     The  diagram  upon 
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Fig.  328. 
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the  drawing  shows  the  position  of  each  eccentric  for  taking  air 
from  the  atmosphere  and  discharging  it  at  8  pounds  pressure. 
Each  eccentric  being  positively  connected  to  the  valves  which  it 
is  to  operate,  leaves  the  matter  of  the  extreme  velocity  of  160 
revolutions  per  minute  merely  a  question  of  large  wearing  sur- 
face and  good  workmanship.  It  is,  however,  apparent  that  the 
discharge  in  this  instance  is  fixed.  When  the  pressure  within 
the  cylinder  reaches  6  pounds  above  atmospheric  pressure,  then 
the  discharge  valves  are  line  and  line  to  open.  Eeferring  to  the 
action  of  the  automatic  discharge  valve,  it  will  be  seen  that  this 
early  opening  is  a  decided  advantage  rather  than  an  objection,  and 
that  being  line  and  line  at  6  pounds  pressure,  the  valves  would 
compress  air  economically  to  10  pounds  ;  in  fact  more  economi- 
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Fig.  330. 


cally  than  if  the  valves  were  set  to  be  at  line  and  line  when  the 
air  reached  10  pounds,  or  the  discharge  pressure  intended. 

Figs.  330,  332,  and  333  show  the  same  valves  employed  for 
vertical  piston  blowers,  so  named  as  thej  are  expected  to  sup- 
plant the  rotary  blowers  used  up  to,  say,  pressures  of  4  pounds 
per  square  inch.     They  are  simple  piston  blowers  with  but  two 
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valves  in  each  head,  one  of  these  valves  being  used  for  the  inlet 
and  the  other  for  the  discharge,  and  all  four  valves  driven  by  a 
single  eccentric.  The  valves  are  always  in  balance  as  to  pressure 
and  weight  of  parts,  so  that  the  speed  at  which  this  machine 
can  be  operated  simply  depends  upon  the  construction  of  it  and 
the  area  of  the  valves.  In  this  instance  each  valve  is  made  12 
inches  in  diameter  for  a  piston  42  inches  in  diameter,  giving  an 
area  of  iV,  and  they  are  intended  for  a  piston  speed  of  600  feet 


Gordon 


Fig. 


per  minute.  The  valves  may  or  may  not  be  metallic  packed, 
depending  upon  the  pressure  for  which  they  are  to  be  used. 
These  engines  may  be  set  in  series,  so  as  to  perfectly  balance 
each  other  as  to  the  weight  of  parts,  and  be  driven  at  very  high 
rotative  speed.  Those  shown  are  intended  for  200  to  250  revo- 
lutions per  minute.  They  can  be  depended  upon  for  tightness 
as  completely  as  the  best  steam  engines.  The  rotary  blower  is 
particularly  faulty  in  this.  It  is  difficult  to  measure  the  waste 
by  leakage  in  rotary  blowers  ;  the  best  effort  the  writer  has 
been  able  to  make  was  in  calculating  the  quantity  of  air  by  their 
displacement  used  to  the  consumption  of  a  pound  of  coke  in 
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Fig.  333. 
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Fig.  384. 
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cupola  practice,  where  he  found  as  high  as  112  cubic  feet 
required  by  them,  whereas  in  bLast-fiiruace  practice,  with  mod- 
ern blowing  engines,  56  cubic  feet  is  found  ample.  E(|uating 
the  two  operations  on  a  liberal  basis  shows  that  this  particular 
blower  was  delivering  but  60  per  cent,  of  its  volume,  and  this  at 
a  pressure  of  only  12  to  13  ounces.  The  necessity  for  tight 
blowers,  where  a  pressure  of  3  to  4  pounds  is  used,  as  in  silver 
smelting  and  pneumatic  transmission,  is  apparent.  The  design 
submitted  is  especially  intended  for  this  class  of  work. 

Fig.  336  is  a  delivery  valve  for  an   air    compressor,   closed 
by    the    action    of  the    eccentric   and    opened    automatically. 


Gordon 


Fig.  335. 


The  photograph  is  of  an  air  compressor  with  inlet  valves  to 
drawling  Xo.  1,  and  an  outlet  valve  to  this  drawing,  No.  9.  This 
valve  is  closed  to  line  and  line  by  the  arm  shown,  operated  from 
the  wrist  plate  shown  on  drawing  No.  3.  It  is  a  piston  valve, 
packed  with  metallic  packing.  The  valve  proper  iA)is  bored 
to  fit  stationary  piston  JB.  B  being  a  part  of  the  casting  form- 
ing the  cover  of  the  valve  chamber.  In  the  face  of  the  valve 
^  is  a  ball  poppet  valve  C  opening  to  the  main  cylinder.  The 
stem  I)  screwed  into  the  face  of  the  valve  A  carries  the  guide 
E.  A  short,  stiff  spring  is  provided,  against  which  this  guide 
presses  immediately  before  the  valve  closes  to  line  and  line,  and 
when  this    spring  is  fully  closed  it  exerts  a  pressure  of  about 
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two-thirds  of  that  which  the  air  would  upon  the  annular  space 
of  the  valve  surrounding  the  cylinder  G.  On  starting  without 
pressure  in  the  discharge  chamber,  the  wrist-plate  rod  when  near 
toggle  easily  overcomes  this  spring.  In  a  few  strokes  the  pres- 
sure in  the  discharge  chamber  reaches  the  working  pressure, 


Gordon 
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Fig.  336. 


when  the  eccentric  or  eccentric  gear  has  no  resistance  to  over- 
come, except  the  mechanical  friction  of  the  valve.  The  small 
hole  H  {\  inch  for  a  4-inch  valve)  plays  upon  the  rib  and 
opens  to  slot  F.  Operation  :  The  valve  closes  to  line  and 
line  upon  the  piston  reaching  the  dead  point  at  the  valve  end  of 
the  cylinder.     As  the  piston  recedes,  the  small  volume  of  com- 
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pressed  air  iu  the  clearance  is  quickly  expanded,  and  the  valve 
flies  to  full  lap,  compressing  the  spring.  At  the  same  moment 
the  valve  0  opens  and  the  pressure  in  the  valve  cylinder  G 
is  reduced  to  that  of  the  suction  side  of  the  piston.  //  being 
closed  and  ball  valve  seated,  while  the  returning  piston  com- 
presses the  fluid  in  the  cylinder,  the  cylinder  G  still  remains 
at  suction  pressure,  so  that  the  valve  as  to  moving  right  or 
left  will  be  in  equilibrium  (neglecting  the  spring)  when  (area 
G  X  suction  pressure)  +  {A  —  G  x  discharge  pressure)  shall 
equal  the  total  pressure  on  A,  and  the  valve  will  open  automati- 
cally when  this  latter  pressure  exceeds  the  sum  of  the  two 
former  pressures  sufficient  to  overcome  its  friction. 

Card  Y-l  is  taken  from  cylinder  G-  with  atmospheric  suc- 
tion and  41  pounds  reservoir  pressure,  the  indicator  drum  being 
driven  from  the  engine's  crosshead  when  the  compressor  was 
tandem  to  the  steam  engine.  Card  A  is  the  accompanying  indi- 
cation from  the  main  cylinder  of  the  compressor,  both  taken 
with  equal  weight  of  springs,  and  simultaneously,  85  revolutions 
per  minute.  The  pressure  at  x,  Card  Y-l,  when  the  valve 
commences  to  open,  is  16  pounds  gauge,  whereas,  area  A  —  G  = 
3  28  square  inches,  area  G  =  9.28  square  inches,  area  A  =  12.5^5 

— \r,  ^n  — — —  26.4  absolute.     This  point  is  marked 

12.  OD 

0  on  the  Card  A,  the  opening  of  the  valve  commencing  at  x,  and 
it  is  full  open  at  y.  On  Card  A  there  is  marked  the  correspond- 
ing positions  of  o,  x,  and  y.  It  will  be  seen  that  there  is  no 
indication  of  the  valve  having  opened  at  x.  Indeed,  no  air 
entered  the  cylinder  from  the  discharge  chamber  until  the  valve 
was  wide  open  at  y,  else  the  compression  line  w  would  have 
been  increased.  The  increase  in  this  line  takes  place  after  the 
valve  is  fully  open  and  before  the  pressure  in  the  cylinder  has 
reached  the  pressure  of  the  discharge  chamber  to  the  extent 
seen  upon  Card  A  by  the  increase  directly  opposite  z,  an 
insignificant  increased  resistance  to  the  piston's  movement.  This 
can  only  be  realized  if  the  time  occupied  during  the  passage  of 
the  piston  from  a:  to  y  is  appreciated  :   Distance  on  card  .26  of 

an  inch ;  total  length  of  card  4  inches  ;  x  to  y  ^  -^  of  card,  or 

30" 
stroke  of  piston  y^,  say   2  inches.       The  mean  travel  of  the 

piston  is  425  feet,  speed  between  x  and  y  667  feet,  per  min- 
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ute  ;  tiiiH^  rciquired  from  x  to  y  ,,'(;  of  a  second.  The  air  had 
scarce  time  to  start  to  flow  in  before  the  pressure  within  the  pis- 
ton had  reached  the  pressure  at  //,  when  the  valve  was  wide 
open.      An  ordinary    indicator  was  used    in  taking  Card  Y-l. 

card"a"to  accompany  CARD"V"1. 

COMPRESSOR  m'x  30"  SPRING  40# 

Z—  ADIABATIC  CURVE, 

W— CONTINUATION  OF  COMPRESSION  CURVE. 
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Fig.  307. 
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Pipe  connections  thereto  were  made  as  short  and  small  as 
thought  advisable,  yet  owing  to  the  small  volume  of  the  cylin- 
der G  the  clearance  added  was  proportionally  large,  somewhat 
changing  the  pressures  as  shown  on  Card  Y-l  from  those 
which  they  would  ordinarily  be  with  no    clearance.      As  the 


CYL.IN  DISCHARGE  VALVE 3^  DIAM.  STEM.^  —  NET  AREA=8.68 

VALVE  4''dIAM.        EXTREME  THROVE  OF  VALVE  2" 
R.P.M.85.       AIR  PRESS  IN  RESERVOIR  41*    SPRING  40tS^ 


ATM  OS 


Fro.  3^ 

valve  uncovers  its  lap,  the  pressure  in  G  gradually  increased — see 
line  0.  This  movement  is  due  to  the  strength  of  the  spring, 
aided  by  the  accumulating  pressure  in  the  main  cylinder ;  losing 
the  aid  of  the  spring  (which  at  this  point  is  extended)  the  rap- 
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idly  accumulated  pressure  causes  the  valve  to  fly  open  as  at  x 
to  y.  Between  these  two  ^^oints,  or  rather  shortly  after  passing 
X,  the  hole  H  runs  over  slot  in  bridge,  forming  a  communication 
between  G  and  discharge  chamber,  but  this  hole  is  too  small  to 

COMPRESSOR  14  X  30'—    FULL  LINE  CARD  FROM  CYL.DOTTED  LINE  CARD  FROM 

DISCHARGE  CHAMBER  TAKEN  SIMULTANEOUS.         SPRINGS  40^       R.P.M.50 

THE  MAX.*  MIN. PRESSURES  IN  THE  CYL.&  CHAMBER  DO  NOT  VARY  MUCH, 

BUT  THE  WAVE  OF  PRESSURE  IS  MUCH  LATER  IN  THE  CHAMBER.     SHOWING  EFFECT 

OF  INERTIA.AS  IN  THE  AIR  ENTERING  CYL,  UPON  THE  OPENING  OF  THE  VALVE. 


permit  a  free  escape,  and  hence  a  good  cushion  is  provided, 
while  the  valve  has  no  tendency  to  rebound.  The  air  pressure 
at  t^  in  6^  in  the  discharge  chamber  and  in  cylinder  being  alike, 
the  eccentric  driven  arm,  closing  the  valve  line  and  line,  has  no 
force  to  exert  except  in  overcoming  friction.     This  dead  lap  on 
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REV.50 

S.  40 

RESERVOIR  P.43 


RESERVOIR  PRESSURE 


Fig.  340. 
a  4-inch  piston  valve  is  i  inch  ;  full  movement  of  valve,  2  inches  ; 
li  inches  of  opening.  There  are  three  ribs,  each  t  inch  wide, 
thus  providing  14.91  square  inches  for  the  12.56  actual  area 
of  valve.  The  excess  of  area  is  to  cover  the  lack  of  efficiency 
of  area  of  the  three   circumferential  ports  to  the  one  central 


080      A   NEW    SYSTEM    OF   VALVES    EuK   STEAM    ENGINES,    ETC. 

4-iDcli  valve  cylinder  and  to  provide  for  an  easy  change  in  the 
direction  of  the  currents. 

The  added  clearance  to  the  main  cylinder  by  the  valve  cylin- 
der G  is  0.15  per  cent.     From  examination  of  all  the  cards  taken 
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Fig.  341. 

from  the  compression  cylinder,  and  knowing  the  time  these  dis- 
charge valves  open,  it  is  apparent  this  SjV  valve  cylinder  G  is 
too  large  for  the  highest  efficiency — a  3-inch  or  2|-inch  would 
be  better  ;  but  it  was  sought  to  open  the  valve  too  soon  to  demon- 

50  R.P.M.        20#=SPRING. 

CARD  FROM   DISCHARGE  CHAMBERS  TO  ACCOMPANY  CARD  Z.— FROM  CYL. 

THE  LIGHT  SPRING  AND  RELATIVELY  SLOW  SPEED  CLEARLY  SHOW 

THE  ACTION  AND  EFFICIENCY  OF  THE  VALVES. 
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Fig.  342. 
strate  the  feasibility  of  the  system  ;  it  is  easy  to  return  to  a  late 
opening  valve. ^     We   are  gratified  to  be  able  to  state  that  at 
100  revolutions  per  minute  (the  highest  speed  this  machine  was 


*  See  Appendix. 
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operated)  the  entire  system  was  practically  noiseless — one  could 
simply  hear  something  going  on.  An  automatic  poppet  valve 
was   tested.     This  valve  was  provided  with  a  3-inch  cylinder 

COMPRESSOR   14  X  30.         R. P.M.  50.  SPRING  40^  4"piST0N  VALVE  . 

VALVE  WITHOUT  RINGS  BUT  EXTRA  FIT.         VALVE  CYLINDER    3  V^^' 


CLEARANCE 
0.6^ 


ATMOS. 


LINE 


Fig.  343. 


similar  to  G.  The  valve  face  presented  to  the  increasing  pres- 
sure in  the  compression  cylinder  was  reduced  by  the  bevelled 
surface  of  the  poppet  seat,  and  better  result  obtained  as  to  time 
of  opening.      The   cards  are  nearly  as  good  as  the  positively 


COMPRESSOR  14  X  3a       R. P.M.  ICO.        IND.  SPRING  40.=^ 
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Fig.  344. 

closed  valve.  Springs  used  to  seat  ordinary  poppet  valves  are  a 
source  of  resistance  to  the  outgoing  air.  The  strength  of  the 
spring  used  on  this  automatic  valve  was  more  than  neutralized  by 
the  introduction  of  the  3-inch  cylinder,  and  the  removal  of  the 
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pressure  therein,  causing  the  valve  to  open  freely,  and  checking 
the  fluttering  common  to  such  valves. 

Card  V-2  was  taken  with  these  automatic  valves,  the   posi- 
tive inlet  valves  before  referred  to  being  used  in  all  cases. 

REV  50 
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Fig.  oio. 

Inlet   Valves. 

The  cards  exhibited  show  excellent  induction  line,  the  atmos- 
pheric and  suction  line  being  practically  coincident.  The  14- 
inch  by  30-inch  compressor  has  two  3-inch  valves  in  each  head, 
the  actual  area  being  13  square  inches;  ratio  to  cylinder  area, 
1  to  11 — a  free  inlet  under  ordinary  conditions  of  eccentric  or 
wrist-plate  action,  but  not  such  as  to  give  the  cards  exhibited. 


Fig.  346. 
Fioj.  328  illustrates  the  action  of  these  valves.  Thev  com- 
mence  to  open  when  the  piston  has  travelled  i  inch,  are  wide 
open  when  it  has  travelled  13  inches,  and  remain  wide  open  till 
the  piston  has  travelled  27  inches  of  its  30-inch  stroke  and  close 
at  dead  point.  This  compressor  is  set  tandem  to  a  12-inch  by 
30-inch  Corliss  engine.     Only  one  eccentric  is  used,  set  at  102J 
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degrees  ahead  of  the  crank,  as  compressor  engines  rec^uire  but 
a  minimum  of  steam  or  exhaust  lead  and  but  little  compression. 
The  compressor's  wrist  plate  is  driven  by  a  rod  from  tlic  steam- 
cjlinder  wrist  plats  (see  Fig.  327),  but  in  each  of  the  rods  to 


Fio.  047. 

the  inlet  rock  shaft  there  is  1^  inch  lost  motion,  leather-faced 
tappets  moving  the  free-moving  balance  valve — a  scheme  at 
once  economical  as  to  cost  and  parts,  accomplishing  the  de- 
sired result. 

R  50 
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Fig.  348. 
Efficiency. 

A  compressor  can  only  press  forward  the  weight  of  air  re- 
ceived, and  among  the  most  desirable  qualities  is  good  induction, 
which,  coupled  with  small  clearance,  obtains  high  volumetric 
efficiency.  The  total  clearance,  including  that  of  the  outlet 
valves  referred  to,  is  34  cubic  inches  on  each  end  (the  piston- 
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head  clearance  being  ,',;  inch  — )  =  0.75  per  cent.  In  compress- 
ing to  50  pounds  gauge,  this  volume  of  air  would  expand  adia- 
batically  to  9S  cubic  inches  in  dropping  to  atmospheric  pressure. 

— Y^ —  =  0.42    inch   of    stroke    required,    leaving    o^     =98.6 

per  cent,  as  the  effective  portion  of  the  stroke.     If  atmospheric 


liG.  349. 
pressure  and  temperature  exist  in  the  cylinder  at  the  head  of 
the  suction  stroke,  this  will  be  the  volumetric  efficiency  of  the 
compressor.  Up  to  60  revolutions  per  minute  the  atmospheric 
line  and  suction  lines  on  the  cards,  at  the  end  of  the  suction 
stroke,  are  so  nearly  coincident  fchat  they  cannot  be  seen  to 
differ,  while  at  100  revolutions  per  minute  the  closest  scrutiny 


Fig.  350. 


is  required  to  note  a  perceptible  drop.  The  cylinder  barrel  is 
well  water-cooled,  and,  with  w^ater  below  the  air  temperature, 
should  tend  to  cool  rather  than  heat  the  air  entering  the 
cylinder,  leaving  the  piston  head  and  cylinder  head  to  heat  it 
somewhat.     Dry  aij,  however,  is  only  heated  by  convection— 
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too  slow  a  process  to  Lave  much  effect  on  air  while  it  is  fillincr  a 
cylinder ;  and  if  the  air  enters  by  short  and  direct  unlniated 
passages,  it  may  be  assumed  that  compression  will  commence 
upon  air  at  atmospheric  temperature.  At  least  this  compressor 
may  be  safely  estimated  to  deliver  97  per  cent,  of  the  wei<'ht  of 
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Fig.  351. 
its  piston  displacement  of  the  supplied  atmosphere,  working  up 
to  50  pounds  gauge. 

Poicer  Bequired. 

From  a  number  of  cards  (a  few  of  which  are  submitted)  taken 
simultaneously  from  the  steam  and  air  cylinders,  with  springs 
of  same  strength,  and  then  changing  the  indicators  and  taking 
an  equal  number  of  cards,  averaging  the  whole,  the  resistance 
of  the  air  was  found  to  be  87.91  per  cent,  of  the  force  expended 


Fig.  352. 
by  the  steam — 12.09  per  cent,  is  chargeable  to  friction  ;  j)ossi- 
bly  10  per  cent,  for  large  compressors  would  be  an  ample  allow- 
ance. If  the  connections  to  the  reservoir  are  large,  short,  and 
well  formed,  the  saving  in  cooling  during  compression  will 
complete  a  compression  on  the  equivalent  of  adiabatic  com- 
pression in  the  cylinder.  The  cards  show  from  1  to  2  per  cent, 
more  power  than  this,  but  the  connection  to  and  location  of 
reservoir  were  not  altogether  the  best. 


992      A   NEW   SYSTEM   OF   VALVES    FOR  STEAM    ENGINES,    ETC. 

Light  Pressure  Blowers  ( Figs.  330,  331  and  332). 
The  term    "  blowers "  lias  become   general  for  compressors 
first  used  to  supply  air  to  furnaces,  cupolas,  etc. — that  is,  for 
blast  pressures  now  up  to  15  or  20  pounds  gauge.     A  modifica- 
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Fig.  353. 
tion  of  the  system  of  our  valves  is  recommended  for  pressures 
up  to  4  pounds  gauge.     There  are  but  two  valves  in  each  head, 
both  alike,  and  always  balanced,  and  are  positively  driven  from 
the  same  eccentric.     One  valve  in  each  head  serves  as  the  inlet. 


Fig.  354, — Steam  Cylinder  Caed. 
the    other  for  the    discharge.      This  is  a  full-stroke  machine, 
though  a  slight  saving  over  this  may  be  effected  in  compressors. 
The  chief   merit  is  the    simplicity  of  the  valve    action,  great 
portage  obtainable,  and  that  it  can  be  driven  as  fast  and  main- 
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tained  tight  as  long  as  an  ordinary  steam  engine  can.  While 
admitting  of  great  portage,  the  clearance  is  kept  down  to  less 
than  1  per  cent,  for  cylinders  with  a  stroke  equal  to  the  bore,  and 
a  more^effective  displacement  obtained  than  from  ordinary  blast- 
furnace   blowing   engines.      This   type  of   "  piston  blower "  is 

SPRING  40 


Fig.  355. 


Oordon 


adapted  to  silver  smelters,  cupolas,  pneumatic  transmission, 
etc.,  etc.  A  speed  of  200  revolutions  per  minute  is  well  within 
the  limit  of  this  blower. 

For  higher  pressures  which  are  reasonably  constant  and  sel- 


FiG.  356.— Steam  Cylinder  Card. 
dom  over  12  pounds  per  square  inch,  a  blower  as  shown  on 
Fig.  329  is  recommended.  There  are  four  valves  in  each  head 
— i.e.,  two  pairs  as  in  a  steam  engine,  one  pair  for  inlet,  the 
other  for  discharge.  The  inlets  are  driven  by  an  eccentric  set 
about  87  degrees  ahead  of  the  crank,  the  discharge  by  an  eccen- 
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trie  63  degrees  ahead 


The  latter  valves  will  be  line  and  line  to 
open  when  the  pressure  is  6  pounds  per  square  inch  in  the 
cylinder ;  and  from  what  was  seen  in  the  action  of  the  automatic 
discharge  valves,  if  the  pressure  in  discharge  chamber  were  10 


Fig.  357.— Steam  Cylinder  Card. 

pounds  an  excellent  card  would  result.  This  drawing  was  pre- 
pared for  blast-furnace  work,  the  blowers  being  driven  direct 
with  gas  engines  at  160  revolutions  per  minute,  and  two  42- inch 


Fig.  358. — Steam  Cylinder  Card. 

by  30-inch  cylinders  furnishing  15,000  cubic  feet  of  air  per  min- 
ute.    The  matter  is  under  advisement. 

Steam   engines    driving   compressors   are   subject  to   double 
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Fig.  359. 
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strains  if  tliey  are  set  Avitli  lead  of  compression.  To  avoid  the 
loss  incident  to  want  of  compression  clearance  should  disappear. 
With  the  system  of  valves  herein  outlined,  less  than  half  of  1 
per  cent,  may  he  reached,  and  though  no  compression  is  pro- 
vided, the  loss  will  be  trifling. 

APPENDIX. 

Cards  numbered  A,  B,  C,  and  D  (Fig.  359)  have  been  taken  from 
the  compressor  referred  to  in  the  foregoing  paper,  after  the  cylin- 
der of  the  discharge  valve  had  been  reduced  in  diameter  from  3jV 
to  2  J  inches.  It  would  appear  that  the  movement  of  discharge  or 
opening  of  the  valve  is  much  improved,  and  that  throughout  a 
wide  range  of  pressures  the  opening  of  the  valve  regulates  itself 
to  the  requirements  of  the  situation. 

It  was  a  surprise  to  me  that  with  a  very  early  opening  more 
air  did  not  enter  the  cylinder,  and  that  a  higher  average  pressure 
did  not  prevail  in  the  cylinder  by  reason  of  the  air  entering  from 
the  discharge  chamber  before  the  cylinder  had  acquired  that 
pressure.  It  is  proven,  both  by  the  action  of  this  valve  and  by 
the  action  in  the  discharge  chamber  itself,  that  inertia  is  one  of 
the  properties  of  air,  however  elastic  it  may  seem  to  be,  which 
pneumatic  engineers  must  keep  well  before  them. 

DISCUSSION. 

Py'of,  ^Y.  S.  Aldrich. — I  would  like  to  ask  the  author  about 
those  quick-opening  valves,  whether  he  uses  the  principle  of 
the  quick-opening  safety  valve  so  as  to  get  the  valve  open  early 
and  wide  for  the  discharge  into  the  receiver  ? 

Mr.  Fred.  IV.  Gordon. — I  think  the  action  of  the  valve  is  made 
clear  by  the  drawing  on  page  982,  Fig.  336.  A  2J-inch  cylinder 
in  a  4-inch  piston  valve  deducts  from  the  back  or  discharge 
chamber  end  6.34  square  inches,  the  discharge  pressure  acting 
on  only  6.12  square  inches,  so  that  when  the  main  piston  has 
compressed  the  fluid  to  half  that  of  the  discharge  the  valve  is 
practically  in  equilibrium,  and  a  small  additional  force  will 
open  it.  We  all  appreciate  the  importance  of  early  opening  of 
the  exhaust  valves  of  steam  engines,  though  at  the  time  of 
exhaust  the  pistons  are  nearly  at  rest.  It  would  seem  to  me  to 
be  much  more  important  to  open  the  discharge  valves  of  an  air 
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compressor  early,  as  Avlieu  the  discharge  is  required  to  begiu 
the  piston  may  be  travelling  at  about  its  maximum  speed,  and 
indeed  in  a  majority  of  cases  will  be  travelling  approximately  at 
that  speed.  The  cards  demonstrate  the  feasibility  of  this 
scheme,  and  show  that  the  pressure  at  the  moment  of  discharge 
need  not  exceed  the  pressure  in  the  discharge  chamber. 


> 
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DCCCXXV. 

MEMORIAL  NOTICES  OF  MEMBERS  DECEASED   DUR- 
ING THE  YEAR. 

HENRI  SCHNEIDER. 

Mr.  Henri  Schneider,  the  son  of  Eugene  Schneider,  founder 
of  the  works  and  city  of  Creusot,  was  born  on  December  10, 
1840,  and  passed  away  May  17,  1898.  He  became  associated 
with  his  father  in  the  management  of  the  Creusot  Sfceel  Works 
in  1867,  and  upon  the  death  of  the  latter  in  1875,  although  still 
very  young,  became  the  head  of  this  important  establishment. 

After  successful  studies  at  Paris  he  entered  the  works  under 
the  direction  of  his  father,  who  desired  that  he  become  familiar 
with  all  the  practical  details.  Thus  he  acquired  all  of  his  prac- 
tical knowledge  of  processes  and  management. 

All  his  life  was  a  continual  activity,  in  which  he  found  time 
to  think  of  everything,  to  associate  worldly  duties  of  a  very 
Parisian  situation  to  those  of  an  ironmaster,  and  to  do  good 
judiciously  and  without  counting.  From  the  industrial  point  of 
view  his  work  is  characterized  by  a  considerable  and  uninter- 
rupted development  of  the  works  of  Schneider  &,  Co. 

He  was  the  incessant  initiator  of  progress  in  metallurgy, 
mechanical  construction,  artillery,  and  armor. 

In  1876  he  perfected  processes  which  made  the  use  of  steel 
possible  for  armor  plates,  and  in  this  he  remained  preeminent. 
Actively  opposed,  he  put  this  invention  to  practical  use  solel;^ 
by  his  perseverance  and  efforts.  After  the  trials  at  Spezzia,  in 
which  the  new  steel  plates  had  been  shown  strikingly  superior  to 
those  of  iron  hitherto  employed,  the  Italian  navy  adopted  them 
on  the  famous  battleships  Didlio  and  Dandolo. 

The  Schneider  metal  was  introduced  in  the  French  navy  in 
1881,  and  its  superiority,  demonstrated  by  numerous  ballistic 
tests,  caused  it  to  be  adopted  in  the  navies  of  all  countries.  He 
was  elected  Honorary  Member  of  this  Society  in  the  end  of 
1882. 
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A  man  of  the  capacity  for  work  of  Mr.  Schneider  couhl  not 
remain  indifferent  to  the  interests  of  his  country,  and  he  was 
therefore  called  to  represent  his  constituents  in  the  French 
Chamber  of  Commerce  and  to  defend  their  interests.  He  was 
successively  elected  councillor  of  his  county,  councillor  gen- 
eral, mayor  of  Creusot,  and  deputy. 

He  always  worked  usefully  in  the  interest  of  his  department, 
and  rendered  it  the  greatest  services  by  his  high  authorit3^ 

By  his  efforts  the  city  of  Creusot  grew  daily,  he  supphing  a 
system  of  drainage  w^hich  had  a  capacity  of  17,000  cubic  metres 
discharge  in  1875 ;  gas  illumination,  and  all  other  works  neces- 
sary in  municipal  service.  The  last  donation,  given  upon  his 
retirement  from  the  mayoralty,  permitted  the  erection  of  a  city 
hall  commensurate  with  the  dignity  of  the  centre  of  industry 
which  he  had  led  to  such  a  degree  of  development. 

The  complete  description  of  the  philanthropic  work  of  Mr. 
Schneider  would  carry  us  very  far.  From  the  moment  of  his 
entry  into  business  he  began  by  an  act  which  revealed  the  supe- 
riority of  his  ideas — by  building  the  church  of  St.  Charles.  He 
never  thereafter  ceased  his  benefactions.  He  built  two  work- 
ingmen's  settlements,  one  in  1865,  the  other  in  1 875 ;  he  estab- 
lished gratuitous  medical  and  pharmaceutical  service  in  1872 ; 
a  new  church  in  1883 ;  a  home  for  the  aged  in  1887,  and  a  hos- 
pital in  1894. 

The  home  of  the  sisters  and  sick  nurses  was  built  in  1897. 
As  one  of  the  first  among  the  great  industrials  he  endowed  his 
employees  with  numerous  and  profitable  institutions,  of  succor 
and  of  savings  ;  particularly  to  insure  pensions  to  all  employees 
and  workmen,  he  made  from  his  own  resources  since  1897  an- 
nual donations  to  the  national  fund  for  the  support  of  the  aged, 
which  now  actually  amounts  to  more  than  $2,200,000  (11,000,000 
francs). 

He  was  made  Chevalier  of  the  Legion  of  Honor  in  1867,  and 
Officer  in  1878. 

Mr.  Schneider  was  regent  of  the  Bank  of  France,  adminis- 
trator of  the  Orleans  Kail  way,  and  of  several  other  industrial 
societies. 

Being  corresponding  member  of  various  foreign  societies  of 
civil  engineers,  he  was  made  honorary  member  of  the  Institu- 
tion of  Civil  Engineers  in  1889. 

In  the  same  year  the  Iron  and  Steel  Institute,  of  which  he 
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liad  been  ji  member  since  1870,  presented  him  with  the  "  Besse- 
mer Gold  Medal." 

FRANK  F.  IIEMENVVAY. 

Mr.  Hemenway  was  born  at  Hartford,  October  29,  1837.  He 
served  a  regular  apprenticeship  as  machinist  at  Keene,  N.  H., 
and  at  tlie  breaking  out  of  the  war  he  enlisted  and  served 
throughout.  After  being  mustered  out  he  went  to  work  in  the 
shops  of  the  Troy  &:  Boston  Railroad,  and  was  there  associated 
closely  with  George  W.  Richardson  in  perfecting  his  pop  safety 
valve  and  the  Richardson  slide  valve.  At  the  time  he  connected 
himself  with  the  Society  in  1880  he  was  mechanical  engineer 
and  foreman  for  Starbuck  Brothers,  Troy,  N.  Y.  It  was  while 
connected  with  this  concern  that  he  invented  the  Hemenway 
automatic  cut-off  engine,  of  which  several  were  built. 

He  became  an  appreciated  contributor  to  the  American  Ma- 
c/dnist  just  started,  and  he  became  associated  with  it  officially  in 
1881  as  associate  editor,  becoming  editor  on  the  death  of  Mr. 
Jackson  Bailey  in  1887.  Mr.  Hemenway  resigned  in  October, 
1894. 

His  literary  work  culminated  in  the  production  of  his  book  on 
the  steam-engine  indicator  in  1885. 

The  last  few  years  of  his  life  were  shadowed  by  misfortune, 
so  that  his  considerable  mechanical  abilities  ceased  to  have  their 
former  value  to  him. 

He  died  in  Brooklyn,  October  14,  1898. 

HORACE  B.  MILLER. 

Mr.  Miller's  childhood  days  were  spent  in  Philadelphia.  He 
was  born  in  1840,  and  after  leaving  school  in  1854  he  began  the 
struggle  of  life  in  a  modest  way.  In  1861  he  enlisted  in  the 
navy  and  served  on  board  the  U.  S.  S.  Adolpli  Hucjel.  He  was  in 
action  at  Forts  Jackson  and  St.  Philip  during  the  opening  of  the 
Mississippi.  Although  enlisted  as  paymaster's  mate,  he  was 
really  discharging  the  duties  of  third  officer  during  these  en- 
gagements and  received  the  personal  thanks  and  commendation 
of  his  superiors. 

After  the  close  of  the  war  Mr.  Miller  embarked  in  business  in 
New  Orleans  until  1868,  when  on  account  of  ill  health  he  was 
compelled  to  leave  the  city.     In  the  same  year  he  took  charge 
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of  the  office  of  ii.  G.  Dun  A:  Co.  at  Toledo,  and  was  successively 
promoted  to  offices  in  Milwaukee  and  Pittsburg,  until  in  1874 
lie  was  attracted  by  the  field  of  journalism  and  became  asso- 
ciated with  Mr.  Baggley  of  the  Pittsburg  Telegraph.  It  was 
from  Pittsburg  that  Mr.  Miller  went  to  New  York,  and  in  con- 
nection with  Mr.  L.  B.  Moore  and  Jackson  Bailey  and  their 
associates  established  the  American  Jlachinuf. 

In  1895,  his  health  becoming  impaired,  he  was  compelled 
to  relinquish  his  relations  with  his  journal  and  sought  a  change 
of  climate,  going  to  southern  California  with  the  expectation  of 
building  himself  up.  The  benefit  seemed  but  transitory  and  he 
passed  away  quietly  at  his  temporary  home  at  Napa,  Cal.,  Octo- 
ber 24,  1898. 

By  reason  of  his  connection  with  the  business  end  of  engi- 
neering rather  than  its  technically  professional  end,  Mr.  Miller 
joined  the  Society  at  its  outset  in  the  Associate  grade.  It 
will  be  remembered  that  early  gatherings  for  the  formation  of 
the  Society  of  Mechanical  Engineers  were  held  in  Mr.  Miller's 
office,  at  that  time  at  96  Fulton  Street,  New  York. 

JOSHUA  HOSE. 

Mr.  Joshua  Eose  was  an  Englishman  by  birth.  His  father 
had  a  shop  in  the  old  country,  where  he  learned  the  machinist's 
trade,  but  coming  to  this  country  he  became  a  journeyman, 
working  in  various  places,  the  longest  of  which  was  perhaps 
his  service  with  the  Freeland  Tool  Works  of  New  York.  In 
the  early  seventies  he  began  to  contribute  to  the  public  jDress, 
on  mechanical  subjects,  particularly  upon  shop  operations  and 
appliances. 

He  became  one  of  the  editors  of  the  Appleton  Encydopcedia 
of  Applied  3Iecliaiucs  in  1878.  His  Moderii  Machine  Shop 
Practice  was,  however,  the  work  upon  which  his  literary  repu- 
tation will  rest.  He  was  j^reparing  a  revision  of  it  at  the  time 
of  his  death,  November  14,  1898,  at  the  age  of  sixty-one  years. 
He  became  a  member  of  the  Society  among  the  earliest  charter 
members,  but  had  practically  retired  from  active  labor  and  was 
living  upon  the  proceeds  of  his  publications.  He  was  really 
unable  to  cope  with  the  labor  involved  in  getting  out  his  new 
edition    and   the   exertion  proved  too  much  for  a  constitution 

already  enfeebled. 
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WILLIAM  LIVINGSTON  CHASE. 

Mr.  Chase  was  born  November  2,  1855,  in  West  Concord,  Yt. 
He  began  his  Avork  as  a  mechanic  when  a  boy,  in  the  shops  of 
the  Chase  Turbine  Manufacturing  Company,  of  Orange,  Mass., 
and  after  having  advanced  to  tlie  journeyman  grade  he  left  to 
enter  Worcester  Institute,  from  which  he  graduated  in  J  877. 
Returning  to  the  Chase  Turbine  Company,  he  devoted  himself 
to  drafting  and  designing  wood-working  machinery  and  water- 
wheels,  and  was  a  joint  inventor  of  a  shingle  machine.  He 
naturally  gravitated  into  the  construction  and  development  of 
wood-pulp  machinery  and  appliances,  and  was  engineer  in 
charge  of  construction  for  the  company  which  preceded  the 
United  Indurated  Fibre  Company,  making  plates  and  other 
moulded  ware,  and  was  an  inventor  of  several  of  their  special 
methods. 

The  credit  has  been  given  to  Mr.  Chase  for  being  the  pioneer 
inventor  for  forming  vessels  from  wood  pulp  at  one  operation  and 
in  one  piece. 

During  the  latter  years  of  his  life,  from  1884  till  the  time  of 
his  death,  he  was  connected  with  the  Knowles  Loom  Works,  of 
Worcester,  having  planned  the  arrangement  of  the  buildings, 
plant,  etc.,  of  tlie  company,  and  afterwards  taking  charge 
of  its  drafting  room  and  the  construction  of  its  regular  and 
new  work. 

Mr.  Chase  had  become  interested  in  the  development  of  shop 
systems  for  making  records  and  keeping  costs,  and  had  been 
concerned  in  a  development  of  the  classification  system  by  the 
decimal  method,  upon  which  he  presented  a  most  interesting 
and  valuable  paper  before  the  Society  at  its  Chicago  meeting 
in  1893.  He  was  for  this  reason  chosen  on  a  committee  ap- 
pointed to  consider  the  general  subject  of  proposing  a  proper 
and  more  universal  system  of  classification  of  engineering  ma- 
terial by  libraries  and  manufacturing  offices,  the  work  of  which 
committee  has  been  interrupted  and  possibly  terminated  by  his 
death.  He  was  a  passenger  on  the  unfortunate  steamer  City  of 
Portland,  which  was  wrecked  off  Highland  Light  in  the  unprece- 
dented gale  of  November  27,  1898. 

Mr.  Chase  connected  himself  with  the  Society  at  the  New  York 
meeting  of  1891. 
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JAMES  FRANCIS. 

Mr.  Francis  was  born  in  Lowell,  Mass.,  March  30,  1840.  He 
was  educated  in  the  public  schools  of  his  native  town  until 
twelve  years  of  age,  after  which  time  and  until  he  entered  the 
Lowell  Machine  Shop  as  apprentice,  in  his  twentieth  year,  he 
was  under  private  tutors.  In  1860  he  entered  the  macliine  sliop, 
and  until  the  breaking  out  of  the  war  he  was  familiarizing  him- 
self with  the  details  of  manufacture  of  various  kinds  of  cotton 
machinery.  At  the  first  call  for  volunteers  he  eulisted,  April 
20,  1861,  and  served  throughout  the  war  m  the  Second  Kegiment 
of  Massachusetts  Infantry.  His  service  covered  the  battles  at 
Cedar  Mountain,  Chancellorsville,  Antietam,  and  Gettyslnirg, 
and  he  was  with  Sherman  on  his  march  to  the  sea.  He  was 
wounded  at  Antietam.  He  rose  from  the  second  lieutenancy  of 
the  early  spring  of  '61  to  the  rank  of  major  in  1863,  and  was  com- 
missioned lieutenant-colonel  in  July,  '65,  just  previous  to  his 
discharge. 

He  became  one  of  the  engineers  in  charge  of  the  Hoosac  Tun- 
nel work  after  the  war,  but  resigned  in  the  following  year  to 
enter  the  service  of  the  Locks  and  Canals  Company,  on  the 
Merrimac  Elver,  rising  in  1867  to  first  assistant  engineer,  and 
in  January,  '85,  to  agent  and  engineer.  Again  in  1893  he  was 
appointed  general  agent. 

It  is  difficult  to  separate  the  work  of  Mr.  Francis  from  that  of 
his  eminent  father,  Mr.  James  B.  Francis.  It  is,  however, 
doubtless  just  to  both  to  say  that  the  work  of  either  could  hardly 
have  been  done  in  its  present  form  without  the  assistance  of  the 
other.  Mr.  James  Francis  was,  in  some  directions,  less  original 
than  his  father,  but  he  had  a  most  profound  respect  for  methods 
which  had  proved  successful.  He  was  tasteful,  painstaking,  and 
accurate,  and  devoted  himself  to  his  profession  and  public  in- 
terests in  the  town  in  which  he  lived.  It  has  been  said  that  the 
very  loyalty  with  which  he  held  to  what  he  believed  to  be  his 
duty  during  his  father's  life  restrained  him  from  writing  for 
publication  on  technical  matters,  and  from  taking  public  posi- 
tion. 

He  connected  himself  with  the  Society  on  the  proposition  of 
his  warm  friend,  the  late  J.  C.  Hoadley,  at  the  Washington 
meeting  in  1887.  His  death  in  Lowell  followed  a  period  of  fail- 
ing health  for  some  months,  and  took  place  December  1,  1898. 
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SAMUEL   ]SI(ELROY. 

Mr.  McElroy  was  one  of  the  veterans  of  tlie  profession, 
liaving  been  in  constant  occupation  since  1847  in  the  fields  of 
railroading,  water-works,  canals,  and  rivers  and  harbors.  His 
railroad  connections  were  with  the  laying  out  of  the  Long 
Island  South  Side  line,  the  New  York,  Bay  Ridge  and  Jamaica 
line,  the  New  York  and  Sea  Beach  lines,  together  with  others 
in  and  about  Brooklyn,  Newtown,  Albany,  and  other  places. 
His  water-works  experience  covered  those  of  the  cities  of 
Brooklyn,  Hartford,  Hamilton,  Watertown,  and  others,  and  his 
paper  before  the  Society,  descriptive  of  the  great  pumping 
engine  of  Brooklyn,  was  a  leaf  from  his  experience  in  this 
department.  His  canal  experience  covered  work  upon  the  Erie, 
Champlain,  Chimbote,  Oneida  Lake,  and  upon  the  Niagara  ship 
canal,  and  many  others. 

It  is  perhaps  from  his  connection  with  hydraulic  engineering 
as  concerned  with  river  and  harbor  w^ork  that  Mr.  McElroy  was 
best  known.  It  brought  him  into  connection  with  work  upon 
the  Hudson  River  improvements,  the  Kent  Avenue  Basin, 
the  Bay  Ridge  docks,  and  into  relation  with  public  works  at 
the  Brooklyn  Navy  Y^ard,  in  the  Wallabout,  and  elsewhere.  So 
wide  an  experience  necessarily  brought  into  his  office  the  erec- 
tion of  buildings  of  some  importance,  both  engine  houses  and 
governmental  structures.  He  had  also  served  as  a  mechanical 
engineer  in  many  of  his  engagements,  aod  was  at  one  time 
assistant  engineer,  U.  S.  N.,  serving  upon  some  of  the  vessels 
whose  names  are  now  but  memories  and  whose  engines  have 
become  historic. 

Mr.  McElroy  was  gilso  an  inventor  in  the  hydraulic  field,  and 
his  name  attaches  to  an  open-throat  hydrant  nozzle.  In  the 
latter  years  of  his  life  his  work  has  been  mainly  that  of  the 
expert  in  various  railway  bridge  and  hydraulic  cases.  He  died 
December  10,  1898. 

HILLARY   MESSDIER. 

Mr.  Messimer  was  born  at  Pottstown,  Pa.,  October  7,  1833. 
His  apprenticeship  began  in  the  shops  of  the  Reading  Railroad 
in  1850,  where  he  served  ^\e  years,  and  then  went  out  with  the 
expedition  to  raise  the  vessels  sunk  in  the  harbor  of  Sebastopol. 
In   1859  he  entered  the  Engineer  Corps  of  the  ITnited  States 
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Navy,  and  served  with  distinction  tlirougli  tlio  Civil  War  and 
until  1867.  He  was  on  the  fi^xg-ship  iVohas/t  during  the  memor- 
able naval  engagement  at  Port  Royal,  and  was  the  first  man  to 
go  ashore  after  the  capitulation  of  the  forts.  This  experience 
made  him  at  one  time  shipmate  with  Dewey,  Sampson,  and 
Watson.  After  the  war  and  until  his  resignation  he  was  with 
the  Mediterranean  Squadron. 

In  1868  he  again  entered  the  employ  of  the  Eeading  Railroad 
and  became  master  mechanic  of  the  East  Pennsylvania  Division, 
and  later  of  their  main  shops,  where  he  superintended  the 
building  of  the  marine  engines  for  certain  steam  colliers.  He 
then  went  to  England  to  carry  on  experiments  in  burning 
anthracite  on  war  vessels,  but  returned  in  1874  and  remained 
with  the  Pennsylvania  and  Reading  Railroad,  under  Messrs. 
Gowen  and  Wootten,  engaged  in  various  service,  such  as  intro- 
ducing anthracite  into  South  America,  and  in  the  construction 
of  railroads  in  Brazil  and  Bolivia,  and  in  experimenting  upon 
the  use  of  inferior  fuels  in  France,  Italy,  and  Switzerland. 

In  1882  he  became  mechanical  engineer  for  Coxe  Brothers  at 
Drifton,  where  he  had  charge  hi  the  machine  shop,  foundry, 
boiler  shop,  etc.,  and  charge  of  the  machinery  of  all  the  breakers 
and  buildings  used  for  the  preparation  of  coal.  In  1887  he 
resigned  to  start  the  Kansas  Bolt  and  Nut  Works,  but  remained 
only  two  years,  wdien  he  accepted  the  invitation  to  become 
superintendent  of  motive  power  and  machinery  for  the  Calumet 
and  Hecla  Mining  Company  at  Calumet,  Mich.,  with  whom  he 
remained  until  his  death  at  Wornersville,  December  10,  1898. 

He  became  a  member  of  the  Society  at  its  New  York  meeting 
in  1883. 

J.  r.  DEBES. 

Mr.  Debes  w^as  born  in  Saxe-Coburg-Gotha,  Prussia,  in  the 

year  1835. 

After  finishing  his  technical  education  in  German  schools  he 
worked  as  machinist  with  Piatt  Brothers  &  Co.,  Oldham,  England, 
and  in  the  Douglas  Foundry  at  Dundee  in  Scotland,  coming  to 
America  in  1862.  During  the  war,  from  1863  to  1865,  he  was  a 
draftsman  in  a  government  inspection  office  under  Messrs.  Alban 
Steimers  and  W.  W.  Wood,  and  worked  under  Captain  Ericsson  on 
designs  of  the  light-draft  monitors  such  as  were  used  during  the 
Civil  War.     From  1866  to  1868  he  was  engaged  with  the  George 
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H.  Corliss  Compiiiiy  iiiid  with  George  H.  lieynolds,  building 
marine  engines  at  Mystic  Bridge,  Conn.  He  moved  West  in 
1868,  and  connected  himself  with  the  C.  &G.  Cooper  Company  at 
Mt.  Vernon,  Ohio,  as  superintendent  and  mechanical  engineer. 
Leaving  them  in  1872,  lie  became  superintendent  of  the  Jackson 
Foundry  and  Machine  Company  of  Jackson,  Micb.  He  moved 
from  there  to  Milwaukee,  serving  with  the  E.  P.  Allis  Company 
on  outside  engineering,  and  as  superintendent  and  mechanical 
engineer  for  the  Weisel  <fe  Vilter  Company  until  1882,  wlien  he 
again  returned  to  the  C.  &  G.  Cooper  Company,  with  whom  he 
remained  until  the  day  of  bis  death  from  beart  failure,  Decem- 
ber 13,  1898. 

Mr.  Debes  became  a  meniber  of  the  Society  at  the  Atlantic 
City  meeting  in  May,  1885. 

MILAN  C.   BULLOCK. 

Mr.  Bullock  was  born  in  Grand ville,  Washington  County, 
N.  Y.,  June  26,  1838.  He  worked  on  a  farm  until,  at  eighteen  years 
of  age,  he  became  apprenticed  to  a  miller ;  but  a  tendency  to 
astbma  compelled  liim  to  abandon  that  trade,  and  precluded  his 
service  in  the  army  of  1861  after  he  had  promptly  enlisted  on 
the  declaration  of  war.  At  the  age  of  twenty-four  Mr.  Bullock 
entered  himself  as  machinist  apprentice,  and  was  very  early  made 
foreman.  In  1866  he  was  attracted  to  quarrying  machinery,  and 
entered  the  employ  of  the  Steam  Stone  Cutter  Company,  of  Rut- 
land, Yt.,  and  afterwards  the  Windsor  Armory  Company,  where 
he  gained  the  experience  in  channelling  and  diamond  drill  work 
which  subsequently  became  of  value  to  himself  and  to  the  mining 
industry  in  general.  In  1870,  as  superintendent  of  the  Penn- 
sylvania Diamond  Drill  Company,  Mr.  Bullock  put  down  the 
first  very  deep  hole  by  the  use  of  a  diamond  drill,  at  Phoenix 
Park.  It  was  at  this  time  that  he  made  and  patented  a  number 
of  important  improvements,  and  in  connection  with  Mr.  Jacob 
Shelby  brought  out  and  patented  the  "  long-hole  process  "  of 
shaft  sinking.  One  of  his  earliest  achievements  was  the  sinking 
of  the  two  East  Norwegian  shafts  near  Pottsville,  Pa.,  at  rates 
ranging  from  80  feet  to  130  feet  per  month,  as  compared  with 
the  speed  of  20  feet  per  month  by  the  older  process. 

In  1871  Mr.  Bullock  accepted  overtures  from  a  larger  diamond 
drill  company,  and  his  first  work  was  the  introduction  of  the 
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diamond  drill  into  tlie  work  at  Hell  Gato,  in  New  York  Harbor, 
under  General  Newton.  The  diamond  drill  w^as  used  in  explor- 
ing ahead  of  the  work  in  tunnels,  headings,  chamhers,  and  the 
like.  It  was  Mr.  Bullock  and  his  company  who  furnished  the 
plant  in  1873  for  driving  the  famous  Lima  and  Oroya  railroad 
tunnel  in  Peru  through  the  Andes. 

The  American  Diamond  Drill  Company  failed  in  1874,  and 
carried  Mr.  Bullock  down  with  them  financially.  He  was  there- 
fore forced  to  begin  over  again,  and  a  year  later,  in  July,  1875, 
Mr.  Bullock  moved  to  Chicago,  where  he  entered  in  business  on 
his  own  account  with  a  very  limited  capital.  He  buili  up  the 
business  of  manufacture  of  diamond  drills  and  other  rock-piercing 
machinery  for  mining  and  prospecting,  and  organized  a  prosper- 
ous business.  He  was  the  introducer  into  America  of  the 
Willans  high-speed  engine. 

He  connected  himself  with  the  Society  at  the  New  York 
meeting  in  1882,  and  although  he  had  been  in  failing  health  for 
over  a  year  his  death  came  unexpectedly,  January  12,  1899. 

JOHX  R.    WAGXER. 

Mr.  Wagner  was  born  in  South  Bethlehem,  Pa.,  May  12,  1861. 
He  had  the  history  of  so  many  successful  men  who  have  borne 
the  burden  in  their  youth  of  a  necessity  for  self-support,  even 
in  childhood.  He  began  first  as  a  farmer's  lad,  and  afterwards 
in  charge  of  the  new^s-stand  of  a  railroad  station,  assuming  the 
care  of  a  widowed  mother.  He  first  turned  his  attention  to 
telegraphing,  but  his  lack  of  common-school  education  stood  in 
his  w^ay,  and  he  became  an  apprentice  with  the  Shive  Steam 
Engine  Governor  Works,  of  Bethlehem,  where  he  served  four 
and  one-half  years.  He  then  went  to  Philadelphia  to  perfect 
himself  in  his  trade,  taking  evening  school  work  in  addition. 
At  the  age  of  twenty,  while  acting  as  foreman  of  shop,  he  pre- 
pared himself  for  the  entrance  examinations  to  the  School  of 
Mechanical  Engineering  at  Lehigh  University,  and  maintained 
himself  by  a  loan  from  influential  friends,  which  he  returned 
within  a  few  years  after  graduation.  After  completing  his  w^ork 
at  Lehigh  he  was  offered  a  superintendency  with  the  Shive 
Governor  Works,  but  preferred  to  accept  an  offer  made  by  Mr. 
Eckley  B.  Coxe,  to  whom  he  became  general  assistant  and 
assistant  superintendent  of  the  testing  department,  both  of  the 
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Cross  Creek  Coal  Cotapaiiy  and  of  the  Coxe  Iron  Company. 
It  was  in  this  rehition  that  he  became  specially  expert  in  coal 
analysis,  and  with  particular  reference  to  economy  in  use  of  coal 
for  steam.  He  was  a  successful  lecturer  in  this  chosen  field,  and 
delivered  addresses  before  such  organizations  as  the  Scranton 
Engineers'  Club,  and  in  further  presentation  of  it  articles  ap- 
peared in  the  engineering  magazines  over  his  signature. 

The  death  of  Mr.  Coxe  in  1895  closed  this  ten-year  chapter 
in  Mr.  Wagner's  life.  The  experiments  on  coal  were  stopped, 
but  in  tlie  following  April  he  was  made  superintendent  of  mo- 
tive power  of  the  D.,  S.  &  S.  Railroad,  while  retaining  his  duties 
as  superintendent  of  the  testing  department.  Tempting  offers 
were  made  to  him  from  the  Anaconda  Company  of  Butte,  Mon- 
tana, and  from  other  firms  in  Pennsylvania,  but  he  preferred  to 
remain  with  his  former  benefactors,  and  received  gradually 
larger  responsibilities  until  he  became  in  charge  of  the  con- 
struction department  and  full  superintendent  of  motive  power 
and  machinery.  These  positions  he  held  at  the  time  of  his 
death,  January  21,  1 899,  at  the  age  of  thirty-seven.  His  death 
was  caused  by  pneumonia. 

Mr.  Wagner  organized  at  Freeland,  Pa.,  a  school  known  as  the 
Mining  and  Mechanical  Institute  of  the  Anthracite  Coal  Regions 
of  Pennsylvania.  This  was  started  for  the  purpose  of  providing 
an  education  for  boys  of  small  means  and  few  advantages.  Even- 
ing classes  are  held,  and  a  reading  room  and  reference  library 
are  open  to  ambitious  boys.  It  is  interesting  to  see  in  this 
undertaking  of  Mr.  Wagner's  the  effect  of  the  inspiration  of  the 
great  Eckley  B.  Coxe. 

GEORGE  A.  BARNARD. 

Mr.  Barnard  was  also  one  of  the  early  m.embers  of  the  Society, 
becoming  a  member  in  June,  1880.  He  was  born  in  Albany, 
N.  Y.  Previous  to  1870  he  had  had  six  years'  experience  in  the 
shop  and  in  marine  engineering,  and  served  from  1870  to  1871 
with  the  J.  C.  Hoadley  Company,  of  Lawrence.  In  1874  he 
became  identified  with  the  Buckeye  Engine  Company,  and  was 
with  them  at  the  time  he  connected  himself  with  the  Society, 
in  1880,  as  manager  of  their  Eastern  agency,  in  connection  with 
Mr.  William  Lee  Church.  In  his  later  years  he  had  turned  his 
attention  to  other  problems  in  power-house  practice  and  in  the 
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lines  of  steam  lieating,  and  had  devised  and  arranged  the  form 
of  cooling  tower  which  is  known  by  his  name.  He  passed  away 
February  8,  1899,  in  the  fifty-eighth  year  of  his  age. 

JOHN   KRUESI. 

Mr.  Kruesi  was  born  May  15,  1843  at  Speicher,  and  educated 
at  St.  Gall  in  Switzerland.  He  entered  the  mechanical  trade 
at  an  early  age  and  received  a  very  thorough  groundwork 
in  the  same  in  his  native  country.  After  working  in  Paris, 
Hamburg,  Copenhagen,  and  London  he  decided  to  come  to 
America,  where  he  arrived  in  1870.  Here  he  married  and 
became  an  American  citizen. 

About  1872  he  went  to  work  for  Thomas  A.  Edison,  who  was 
then  engaged,  apart  from  his  inventive  pursuits,  in  the  manu- 
facture of  electric  instruments  in  Newark,  N.  J.  He  there 
showed  remarkable  ability  in  devising  labor-saving  tools  and 
other  methods  of  cheapening  manufacture. 

In  1876,  when  Mr.  Edison  built  his  laboratory  at  Menlo 
Park,  N.  J.,  and  moved  thore,  Mr.  Kruesi  went  with  him  as 
foreman  of  the  mechanical  department,  and  in  the  next  few 
years  won  the  respect  and  friendship  of  his  chief  by  his  inge- 
nuity, his  ability  to  grasp  the  great  variety  of  experiments  that 
he  was  called  on  to  make,  and  his  untiring  energy  as  head  of  a 
shop  that  was  open  twenty-four  hours  a  day  for  pretty  near  the 
whole  year  round. 

.When  about  to  place  the  incandescent  light  in  the  hands  of 
the  public  Mr.  Edison  selected  him  as  a  partner  in  and  general 
manager  of  a  company  formed  to  manufacture  underground 
electric  tubing  about  1881,  and  the  great  perfection  of  the 
"  Edison  underground  system "  as  now  used  is  due  to  the 
faithful  and  able  manner  in  which  he  carried  out  the  ideas 
given  him  during  the  next  few  years. 

About  1886  the  Edison  Tube  Company  was  absorbed  by  the 
Edison  Machine  Works,  a  New  York  manufactory  of  dynamos 
and  electric  devices  owned  by  Thomas  A.  Edison  and  Charles 
Batchelor,  and  Mr.  Kruesi  became  the  assistant  general  mana- 
ger of  the  whole.  This  company  shortly  afterwards  bought 
property  in  Schenectady,  N.  Y.,  and  established  its  factory 
there,  this  factory  being  the  nucleus  of  what  is  now  the  General 
Electric  Company's  shops. 
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In  1892  Mr.  Kruesi  Ijecame  general  manager  of  the  General 
Electric  Company's  works,  and  continued  so  until  189G,  wlien, 
owing  to  the  enormous  increase  in  the  company's  business,  it 
was  thought  better  to  have  a  greater  division  of  labor,  and  he 
was  appointed  chief  mechanical  engineer,  which  post  he  occu- 
pied at  his  death. 

It  is  admitted  generally  that  the  plant  of  the  General  Elec- 
tric Company  at  Schenectady,-  with  its  tools  and  buildings,  all 
of  the  most  modern  type,  stands  second  to  none  in  the  world, 
and  the  credit  of  this  is  in  a  great  measure  due  to  Mr.  Kruesi, 
under  whose  charge  the  facilities  necessary  for  300  hands  in 
1886  were  increased  to  those  necessary  for  upwards  of  4,000 
hands,  which  the  company  has  employed  during  the  last  few 
years. 

Mr.  Kruesi  became  a  member  of  this  Society  at  its  Montreal 
meeting,  June,  1894. 

FREDERIC  COOK. 

Frederic  Cook  was  born  in  London,  England,  February  6, 
1829.  He  came  to  this  country  with  his  brothers,  commencing 
his  professional  life  by  a  service  with  Stillman,  Allen  &  Co., 
at  the  Novelty  Iron  Works,  as  apprentice.  He  passed 
through  the  finishing  shop,  pattern  shop,  and  drawing  office, 
taking  his  first  responsible  position  as  head  draftsman  at  the 
American  Machine  Works,  Springfield,  Mass.  He  was  then 
twentj^-one  years  of  age.  In  the  early  forties  he  went  to  Cali- 
fornia, around  Cape  Horn,  to  receive  and  sell  out  cargoes  of 
machinery,  and  remained  there  two  years.  He  then  became  a 
partner  in  the  firm  of  Lange,  Cook  &  Co.,  and  later  a  mem- 
ber of  the  firm  known  as  the  Belleville  Iron  Works,  located  at 
Algiers,  La.  Out  of  that  shop  came  a  bagasse  burner,  invented 
by  Mr.  Cook,  which  is  still  in  service. 

On  the  breaking  out  of  the  war  Mr.  Cook  went  to  Canada,  and 
returning  in  1863  opened  a  consulting  engineering  office  and 
patent  agency  in  Chicago.  From  this  office  Mr.  Cook  made 
plans  of  the  Pittsburg  grain  elevator  for  Edward  Burling. 
During  1865-7  he  was  consulting  engineer  and  superintendent 
of  the  Wyoming  Bock  Oil  Company  of  New  York  and  Ontario, 
and  was  one  of  the  early  engineers  to  make  commercial  success 
of  the  use  of  petroleum.     He  was  invited  by  the  Government  of 
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Austria  to  visit  that  country  and  demonstrate  its  use  for  their 
navy. 

In  1868  he  made  plans  for  the  machinery  of  the  Havemeyer  & 
Co.  sugar  house  at  the  foot  of  North  Second  Street,  Wil- 
liamsburg, but  was  lured  back  to  the  South  in  1869,  where  he 
took  up  the  machinery  business  and  sugar  planting.  About  this 
time  he  invented  the  Arrow  cotton  tie  and  became  the  general 
agent  of  the  American  Cotton  Tie  Company,  of  Liverpool,  which 
was  organized  partly  under  his  open  slat  cotton  tie  patent,  and 
was  licensed  under  twelve  other  of  his  inventions.  He  remained 
with  this  company  eight  years,  until  the  expiration  of  the  patent 
period.  He  was  the  inventor  of  some  sixty  mechanical  contriv- 
ances, which  brought  him  in  a  large  income.  In  1880  he  be- 
came the  agent  for  the  Babcock  &  Wilcox  Company,  and  was 
manager  of  their  Southern  office,  handling  a  large  proportion  of 
the  business  of  that  company  in  the  West  Indies. 

His  relaxation  was  his  devotion  to  painting  with  the  brush. 
He  became  a  member  of  the  Society  at  the  New  York  meeting 
in  1886,  and  passed  away  February  26,  1899. 

HIRAM  KIMBALL. 

Mr.  Kimball  was  born  at  Eandolph,  Yt.,  in  1845.  After  an 
early  common-school  course  and  a  partial  course  in  the  Law 
School  of  Columbia  University,  he  was  admitted  to  the  L^nited 
States  bar  in  1880.  Previous  to  this  time  he  had  been  business 
agent  for  the  Toronto  Kolling  Mill  Company,  and  had  been  for  a 
short  time  associated  with  the  late  A.  L.  Holley  during  the  early 
period  of  the  development  of  the  American  Bessemer  process. 

His  mechanical  instincts,  however,  diverted  him  into  the  field 
of  construction,  and  he  identified  himself  with  a  form  of  rail 
joint,  with  the  construction  of  the  Chapman  jack-screw,  and  with 
the  Butler  Draw-Bar  Attachment  Company.  His  principal  con- 
nection, however,  from  1883,  was  with  the  turnbuckle  depart- 
ment of  the  Cleveland  City  Forge  and  Iron  Company.  He  was 
at  first  engineer  and  later  manager.  In  1893  he  acquired  large 
interests  in  the  Cleveland  Street  Kailway  development  and  in 
the  management  of  other  important  business  interests. 

He  connected  himself  with  the  Society  at  the  Chicago  meet- 
ing in  1880.  After  an  illness  extending  over  many  months,  he 
passed  away  March  9, 1899. 
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HAMILTON  A.   HILL. 

Mr.  Hill  was  one  of  the  charter  members  of  the  Society,  his 
application  being  dated  May  7,  1880.  He  was  born  in  Worces- 
ter, Mass.,  January  2,  1832.  After  .graduating  from  Harvard 
College  with  the  class  of  1853  he  entered  the  law  school,  and 
later  the  office  of  the  Hon.  George  F.  Hoar,  and  began  the 
practice  of  law  in  Boston.  By  reason  of  a  severe  illness  he  was 
compelled  to  abandon  this  profession,  and  for  the  remainder  of 
his  active  life  was  engaged  in  the  business  end  of  mechanical 
engineering.  His  specialty  was  the  agency  for  power  plants  and 
manufacturing  plants,  to  which  he  brought  an  expert's  knowl- 
edge and  contributed  to  his  customers  his  advice  as  consulting 
expert.  He  was  senior  partner  in  the  firm  of  Hill,  Clarke  & 
Co.,  and  made  the  economical  use  of  steam  power  his  particular 
field.  In  1873  he  was  appointed,  in  connection  with  C.  F. 
Adams,  Jr.,  a  commissioner  for  the  State  of  Massachusetts  to 
the  Yienna  Exposition,  and  i3ublished  a  report  upon  the  exposi- 
tion in  general  and  a  special  report  on  the  machinery  exhibits. 
He  was  later  one  of  the  commissioners  to  organize  the  Massa- 
chusetts department  of  the  Philadelphia  Exposition.  At  Vienna 
he  was  vice-president  of  the  Patent  Congress  there  held.  He 
retired  from  business  in  1895,  but  practised  as  expert  until  his 
health  failed.     He  died  in  Boston  March  18,  1899. 

Besides  his  contribution  to  the  Transactions  of  the  Society 
Mr.  Hill  had  prepared  and  delivered  a  considerable  number  of 
lectures  on  scientific  subjects. 


ALFRED   E.    HUNT. 

The  death  of  Mr.  Hunt  is  as  much  a  casualty  of  the  Spanish- 
American  War  of  1898  as  any  of  the  losses  in  the  field. 

Alfred  Epher  Hunt  was  born  March  31, 1855,  in  East  Douglass, 
Mass.  He  wa3  educated  at  the  Koxbury  High  School,  and 
graduated  in  1876  in  the  department  of  metallurgy  of  the 
Massachusetts  Institute  of  Technology.  For  some  time  after 
graduation  he  was  connected  with  survey  work,  both  geological 
and  for  railroads,  but  later  he  entered  the  Bay  State  Iron 
Works  in  South  Boston  as  chemist,  where  the  second  open- 
hearth  furnace  in  America  was  erected.  From  1877  to  1879  he 
was  manager  and  chemist,  superintending  the  steel  department 
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of  the  Nashua  Iron  aud  Steel  Company.  He  then  went  to 
Pittsburg  as  superintendent  and  chemist  with  Park  Brothers 
&  Co.,  managing  the  open-hearth  and  heavy  forging  department 
of  the  Black  Diamond  Steel  Company.  In  1888  he  resigned  to 
join  Mr.  George  H.  Clapp  to  form  the  firm  of  Hunt  &  Clapp, 
establishing  the  Pittsburg  Testing  Laboratory,  making  a 
specialty  of  physical  and  chemical  testing  of  materials  and  the 
inspection  of  iron  and  steel  structures.  Important  metal 
structures  of  the  past  fifteen  years  have  passed  under  their 
hands,  such  as  the  Cairo  bridge  over  the  Mississippi,  the 
Omaha  bridge  over  the  Missouri,  the  Thames  River  bridge  at 
New  London,  and  the  Poughkeepsie  bridge  over  the  Hudson. 

In  1888  Captain  Hunt  organized  the  Pittsburg  Reduction 
Company  to  manufacture  aluminum  according  to  the  process 
discovered  by  Charles  M.  Hall.  Previous  to  this  time  the 
metal  had  sold  for  $15  a  pound,  so  that  it  was  practically  a 
precious  metal,  but  as  produced  by  the  new  process  it  dropped 
to  prices  ranging  between  thirty  and  forty  cents  per  pound. 
The  successful  completion  and  development  of  the  Niagara 
Falls  works  of  the  same  firm  gave  promise  of  further  produc- 
tion. 

Captain  Hunt  entered  the  National  Guard  of  Massachusetts 
at  an  early  age,  rising  to  the  position  of  a  commissioned  officer. 
He  identified  himself  on  his  removal  to  Pittsburg  with  the 
Pennsylvania  National  Guard,  and  ultimately  rose  to  the  posi- 
tion of  Commander  of  Battery  B.  He  left  Pittsburg  April  27th 
for  Mount  Gretna,  and  after  the  necessary  service  at  Chicka- 
mauga  they  left  July  28th  for  Porto  Rico,  wdiere  they  landed 
August  5th,  and  on  August  12th  began  the  march  to  Guyama. 
The  battery  was  just  ready  to  fire  its  first  shot  in  the  Cuay 
Mountains  when  the  news  of  the  protocol  was  received.  Re- 
turning, the  battery  was  reorganized,  and  once  more  mustered 
into  the  Pennsylvania  militia.  Captain  Hunt  was  taken  ill  at 
Chickamauga  and  w^as  invalided,  but  on  the  departure  to  Porto 
Rico  he  determined  to  accompany  it  before  he  was  fully  re- 
covered. He  contracted  malaria,  which  afiected  the  heart 
action,  and  though  he  made  a  trip  in  April  to  the  seashore 
hemorrhages  followed  an  exertion  and  he  passed  away  April  26, 
1899. 

Captain  Hunt  was  a  member  of  the  party  of  engineers  who 
went  to  England  in  1889,  aud  bv  reason  of  his  active  connection 
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with  the  Institute  of  Mining  Engineers  he  was  their  represent- 
ative in  official  business  of  the  party.  He  connected  himself 
with  the  Society  on  the  return  from  Europe  at  the  New  York 
meeting  of  1889. 

R.  W.  BELLHOUSE. 

Mr.  E.  Wynyard  Bellhouse,  who  was  killed  by  a  fall  in  De- 
troit, April  3,  1898,  was  born  in  Manchester,  England,  in  1856, 
and  served  his  engineering  apprenticeship  at  the  celebrated 
locomotive  works  of  Beyer,  Peacock  &  Co.,  Manchester ;  then 
directed  the  erection  of  the  Eagle  Iron  Works,  of  which  he 
later  became  superintendent  and  partner  in  the  same  concern, 
building  bridges,  roofs,  etc. 

From  1881  till  1883  he  was  with  the  Lancashire  &  Yorkshire 
Railway,  when  he  came  to  Syracuse,  N.  Y.,  as  chief  engineer  for 
the  Sanderson  Brothers  Steel  Company,  largely  controlling  the 
reconstruction  of  the  works.  In  1886  he  was  doing  general 
engineering  work  in  Syracuse,  building  Portland  cement  works 
for  the  "Warner's  Portland  Cement  Company,  and  later  similar 
works  in  Ohio.  At  the  time  of  his  death  he  was  employed  by 
the  Solvay  Process  Company  at  Detroit  as  erecting  engineer. 

Mr.  Bellhouse  had  by  faithfulness  to  duty  built  himself  up 
to  be  a  valuable  man,  and  his  death  was  a  loss,  and  deeply  re- 
gretted by  the  friends  he  had  made  in  this  country.  He  joined 
the  Society  in  1886. 

LEWIS  MILLER. 

Mr.  Lewis  Miller  was  of  German  stock ;  his  ancestors  were 
pioneers  of  Pennsylvania,  his  parents  going  to  Ohio  about 
1812.  They  were  industrious,  frugal.  God-fearing  people.  Lewis 
Miller  was  born  in  Greentown,  Stark  County,  Ohio,  August  24, 
1829.  Until  he  was  seventeen  years  of  age  he  worked  on  his 
father's  farm,  attending  district  school  in  the  winter.  For  the 
next  five  years  he  divided  his  time  between  working  part  of  the 
time,  attending  Plainfield  Academy  in  Illinois,  and  teaching 
school  in  Stark  County.  Mr.  Miller  took  up  the  invention  of 
agricultural  machinery  and  was  one  of  the  first  persons  to  pro- 
duce practical  mowing  and  reaping  machines.  In  1852  he  be- 
came partner  in  a  small  shop  in  Canton,  Ohio,  and  engaged  in 
the  manufacture  of  mowers,  reapers,  and  threshing  machines. 
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Mr.  Miller  soon  showed  such  extraordinary  skill  and  inventive 
talent  that  his  harvesting  machinery,  bearing  the  name  of 
"  Buckeye,"  found  its  way  into  every  part  of  the  grain-produc- 
ing world. 

In  1863  the  business  in  Canton  had  grown  so  large  that  the 
company  was  under  the  necessity  of  branching  out,  and  a  large 
shop  was  built  at  Akron,  Ohio,  to  which  place  Mr.  Miller  moved. 
He  was  the  active  superintendent  of  this  sho])  from  18G8  until 
the  end  of  his  earthly  career,  February  17,  1899.  Among  his 
many  inventions  the  most  marked  one  was  made  about  1855, 
and  consisted  of  the  double-jointed  bar  and  the  use  of  two  driv- 
ing wheels  ;  this  enabled  the  cutter  bar  to  conform  itself  to  the 
inequalities  of  the  ground,  also  enabling  the  finger  bar  to  fold 
over  the  machine,  for  convenience  and  safety  in  moving,  when 
not  at  work.  The  method  of  gearing  this  machine  was  a  new 
departure,  and  is  in  use,  with  slight  modifications,  on  all  mowers 
and  reapers  to-day. 

Each  succeeding  year  of  his  long  and  busy  life  was  full 
of  new^  ideas  and  inventions  in  mowers,  harvesters,  binders, 
corn  harvesters,  and  other  machinery,  with  the  ever  changing 
details  suggested  by  experience  in  the  harvest  fields  of  not  only 
our  own  but  of  foreign  countries. 

Mr.  Miller  became  a  member  of  the  American  Society  of 
Mechanical  Engineers  in  1883.  He  never  had  the  advan- 
tages of  a  technical  education,  but  was  endowed  wdth  inventive 
talent,  fine  judgment,  great  perseverance,  endurance,  and  a  fine 
physique.  He  had  a  strong  will,  coupled  with  a  cheerful  hope- 
fulness, that  enabled  him  to  keep  on  in  the  face  of  seeming  de- 
feat and  eventually  achieve  success.  He  had  good  judgment  in 
the  selection  of  his  assistants,  and  by  fair  treatment  secured 
their  best  cooperation. 

The  builder  of  agricultural  machinery  has  not  the  oppor- 
tunity to  build  monuments  in  engineering  matters  like  great 
bridges,  engines,  steamships,  and  railw^ays,  but  taking  into 
account  "the  greatest  good  to  the  greatest  number,*'  a  man 
with  such  splendid  achievements  as  Mr.  Lewis  3Iiller  is  en- 
titled to  much  credit. 

Mr.  Miller  was  a  many-sided  man,  and  each  side  good  and 
strong.  He  was  a  Sunday-school  superintendent  for  forty 
years  and  one  of  the  leading  Sunday-school  men  of  the  country. 
He  was  active  in  the  improvement  of  the  public  schools  of  his 
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own  city,  serving  on  the  school  board  for  thirty  years,  a  large 
part  of  the  time  as  president.  He  had  ideas  of  his  own,  both 
on  education  and  buildings,  and  gave  much  time  and  care  to 
putting  these  into  practical  use.  He  was  also  active,  both 
personally  and  financially,  in  the  upbuilding  and  progress  of 
several  colleges,  particularly  Mount  Union  College.  He  was 
a  member  of  the  board  of  trustees  thirty-four  years,  and  presi- 
dent of  the  board  for  thirty-two  years.  He  was  also  on  the 
board  of  trustees  of  two  other  colleges. 

Mr.  Miller  was  the  founder  of  Chautauqua  Assembly  and  a 
large  contributor  to  it.  Chautauqua  was  his  recreation,  and  he 
worked  out  the  details,  planning  walks,  drives,  buildings,  and 
amphitheatre,  as  well  as  other  features  which  have  made  Chau- 
tauqua so  attractive  to  thousands.  The  main  point,  however, 
with  him  was  the  educational  and  Christian  uplift  of  the  people. 

He  died  February  17,  1899,  as  the  result  of  a  dangerous 
surgical  operation. 

MAURICE  A.  MULLER. 

Mr.  Muller  was  born  at  Berlin,  Germany.  After  an  apprentice- 
ship and  three  years  at  the  Polytechnic  he  became  a  junior 
draftsman,  after  which  time  he  went  to  England.  He  there 
served  five  years  as  a  designer  in  the  locomotive  and  bridge  de 
partment  of  the  Great  Eastern  Railway  Company,  serving 
thereafter  for  four  years  as  chief  assistant  to  the-  late  Robert 
Mallet  of  London.  During  the  Vienna  Exhibition  in  1873  he 
represented  Engiiieermg,  of  London,  as  expert  correspondent. 
The  next  succeeding  years  were  passed  in  Germany,  France, 
and  England,  partly  in  superintendence  of  the  erection  and  oper- 
ation of  English  machinery,  and  partly  with  literary  work.  He 
then  came  to  the  United  States,  and  was  for  many  years  chief 
draftsman  at  the  Weston  factory  of  the  United  States  Electric 
Lighting  Company,  of  Newark,  which  vv^as  his  position  when  he 
connected  himself  with  the  Society  at  the  Boston  meeting  of  1885. 
In  the  last  part  of  his  life  he  was  engaged  in  business  upon 
his  own  account,  in  literary  work,  and  in  service  as  professor  of 
mechanical  engineering  at  the  Newark  Technical  School.  He 
died  May  21,  1899,  being  at  that  time  superintending  the  con- 
struction of  the  new  Weston  factory.  His  death  resulted  from 
an  exposure  at  the  works,  which  brought  on  a  cold  from  which 
he  never  recovered. 
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CHAKLES  A.  BAUER. 

Mr.  Bauer  was  one  of  the  charter  members  of  the  Society,  his 
application  letter  being  dated  May  14, 1880.  He  began  his  pro- 
fessional work  as  apprentice  at  the  gun  and  lock  smithing  busi- 
ness, and  the  end  of  the  war  found  him  engaged  as  machinist 
and  student  of  mechanics  at  the  shops  of  Miles,  Greenwood  <fe 
Co.,  of  Cincinnati.  In  1867  he  became  teacher  of  drawincr 
and  mechanics  in  the  Ohio  Mechanics'  Institute  of  that  city. 
In  1871  he  moved  to  Hamilton,  Ohio,  to  become  general  super- 
intendent of  the  Niles  Tool  Works,  from  which  he  was  again 
promoted  to  become  consulting  engineer  with  Lane  &  Bodley 
of  Cincinnati.  In  1875  he  began  his  best  known  work  in  agri- 
cultural machinery  as  superintendent  of  the  Champion  Bar  and 
Knife  Company,  of  Springfield,  Ohio.  He  was  in  this  position 
when  he  connected  himself  with  the  Society. 

Like  most  of  the  veterans,  his  experience  covered  a  wide  range 
of  subjects,  "  including  most  prominently  the  design  and  practi- 
cal execution  of  nearly  all  kinds  of  machine  tools,  stationary  and 
river  engines,  rolling  mills,  furnaces,  pumping,  mining,  and  gen- 
eral milling  machinery."  He  further  stated  in  his  ajDplication 
that  he  had  also  given  some  practical  attention  to  the  establish- 
ment of  plants  and  the  arrangement  and  details  of  buildings  on 
grounds  for  manufacturing  purposes. 

He  was  elected  a  manager  of  the  Society  in  1894,  and  died 

June  12,  1899. 
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